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RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 

OF 
PUMPKIN  CREEK  STUDY  AREA 
PUMPKIN  CREEK  COALFIELD 
POWDER  RIVER  COUNTY,  MONTANA 


INTRODUCTION 

Recent  energy  shortages  have  forced  our  society  to  seek  new  domestic 
sources.   Attention  has  focused  on  the  immense  quantities  of  low  sulfur 
coal  that  lie  within  the  Rocky  Mountain  and  Northern  Great  Plains  regions. 
It  is  the  responsibility  of  the  Department  of  the  Interior,  principally 
the  Bureau  of  Land  Management,  to  assist  in  meeting  these  energy  demands 
and,  at  the  same  time,  provide  sound  reclamation  guidelines  so  that  the 
disturbed  lands  are  restored  to  an  acceptable  condition. 


PURPOSE 

The  purpose  of  this  report  is  to  provide  information  for  establishing 
reclamation  objectives  and  lease  requirements.   Detailed  data  is  given  on 
geology,  coal  resources,  overburden  (soil  and  bedrock) ,  greenhouse  investi- 
gations, and  hydrology.   Less  detailed  information  is  provided  on  climate 
and  physiography. 


REPORT  OBJECTIVES 

1 .  To  analyze  and  quantify  the  environmental  impacts  from  surface  mining 
of  coal. 

2.  To  provide  resource  and  impact  information  for  leasing  site  selection 
procedures  as  set  forth  by  the  Secretary  of  the  Interior. 

3.  To  provide  environmental  resource  information  needed  to  implement 
effective  reclamation  and  rehabilitation  programs  and  for  the  develop-  . 
ment  of  meaningful  lease  stipulations  as  required  by  the  mined  land 
reclamation  program. 

4.  To  provide  resource  and  impact  information  to  support  State  and  local 
regional  development  and  land  use  planning  efforts. 

5.  To  determine  the  present  and  potential  capability  of  the  soil  and 
bedrock  to  support  and  maintain  vegetation  over  known  coal  deposits. 

6.  To  provide  physical  and  chemical  data  from  which  realistic  stipulations 
may  be  prepared  for  exploration,  mining,  and  reclamation  plans. 

7.  To  provide  data  needed  in  the  preparation  of  Environmental  Impact 
Statements,  Environmental  Analysis  Records,  and  to  aid  in  the  review 

of  mining  and  reclamation  plans  for  proposed  land  disturbing  activities 
in  the  vicinity  of  the  study  area. 


AUTHORITY 

Federal  Land  Policy  and  Management  &ct  of  1976  and  Surface  Mining  Control 
and  Reclamation  Act  of  1977. 


RESPONSIBILITY 
BUREAU  OF  LAND  MANAGEMENT 

1.  Selects  study  area  for  coordinated  investigations  of  climate,  geology, 
hydrology,  overburden,  and  coal  resources. 

2.  Acts  as  Contracting  Officer  in  the  coordination,  establishment,  and 
execution  of  work  orders. 

3.  Procures  easements  and  rights-of-way  to  conduct  the  studies. 

4.  Distributes  technical  data,  reports,  and  reclamation  and  rehabilitation 
recommendations  to  Bureau  of  Land  Management  field  offices. 

5.  Identifies  potential  postmining  land  uses. 


BUREAU  OF  RECLAMATION 

1.  Conducts  a  land  suitability  survey  to  determine  suitability  of  overburden 
material  (to  a  10-foot  depth)  for  use  in  revegetation  of  shaped  spoils. 

2.  Conducts  drilling  operations  for  the  procurement  of  core  samples  for 
coal  and  soil  analysis. 

3.  iDrafts  geologic  maps. 

4.  Characterizes  and  interprets  suitability  of  overburden  material  as  well 
as  substrata  immediately  below  the  coal  resources  for  purposes  of 
revegetation. 

5.  Arranges  for  greenhouse  studies  for  determining  overburden  materials' 
potential  for  supporting  vegetative  growth. 

6.  Conducts  mechanical  weathering  tests  of  core  samples  to  determine 
stability  of  overburden  materials. 

7.  Recommends  to  District  Office,  Bureau  of  Land  Management,  suitable 
plant  species  for  use  in  areas  to  be  reclaimed. 

8.  Advises  District  Office,  Bureau  of  Land  Management,  on  reclamation 
techniques. 

9.  Advises  the  Bureau  of  Land  Management  on  paleontological  finds  in  the 
study  area. 


U.S.  GEOLOGICAL  SURVEY 

1.  Assesses  reclamation  potential  based  on  water  available  from  precipitation, 
the  effects  of  surface  mining  on  area  hydrology,  and  the  measures 
required  to  prevent  adverse  effects  on  surface  and  ground  water  of  the 
area. 

2.  Collects  and  interprets  data  to  predict  alternative  solutions  to  ground 
water  problems  encountered  during  mining  and  reclamation. 

3.  Implements  a  monitoring  system  to  define  baseline  conditions  and  document 
ground  water  changes  in  flow  and  quality  caused  by  mining  and  reclamation. 

4.  Prepares  ground  water  maps. 

5.  Prepares  geologic  maps,  cross  sections,  and  other  geologic  illustrations. 

6.  Describes  coalbeds,  coal  resources,  and  geology  of  the  study  area. 

7.  Prepares  and  tabulates  coal  resources  estimates. 

8.  Prepares  a  table  of  analytical  results  of  coal  resources. 

GENERAL  DESCRIPTION 

LOCATION 

The  Pumpkin  Creek  Study  Area  is  located  in  southeastern  Montana  (Powder 
River  County),  approximately  15  miles  northwest  of  the  town  of  Broadus. 
Plate  1  shows  the  general  location.   The  study  area  includes  10,880  acres 
in  the  following  complete  sections:   T.  2  S.,  R.  49  E.,  sections  14,  22, 
24,  26,  28,  34,  and  T.  3  S.,  R.  49  E.,  sections  2,  4,  8,  14,  18,  20,  22, 
26,  28,  30,  and  32  as  shown  on  Plate  2.   The  majority  of  surface  ownership 
in  the  study  area  is  private;  the  remainder  is  Federal,  as  shown  on  Plate  3. 
All  coal  in  the  study  area  is  federally  owned,  as  shown  on  Plate  4.   Photo- 
graphs 1  through  5  are  views  of  typical  landscape  features  in  the  study 
area. 

PRESENT  LAND  USES 

The  Pumpkin  Creek  Study  Area  is  used  primarily  for  livestock  grazing. 
Limited  dryland  and  irrigated  farming  occurs  on  the  private  surface.   In 
the  northern  part  of  the  study  area,  scattered  ponderosa  pine  and  juniper 
occur,  but  there  is  no  known  commercial  timber  production.   Portions  of 
the  study  area  provide  superior  habitat  for  wildlife  with  a  high  species 
diversity. 

POSTMINING  LAND  USES 

Postmine  land  use  is  anticipated  to  be  livestock  grazing,  with  limited 
dryland  or  irrigated  farming. 


RULES  GOVERNING  MINING  AND  RECLAMATION  OPERATIONS 


In  Montana,  coal  mine  operators  muat  comply  with  all  established  rules 
pursuant  to  the  Montana  Strip  and  Underground  Mine  Reclamation  Act  (1973). 
These  rules  are  presented  in  Appendix  A  of  the  "Montana  Permanent  Program" 


for  regulating  surface  and  underground  mining  activities 


1/ 


The  Montana  Department  of  State  Lands  is  the  regulatory  agency  responsible 
for  administering  this  program. 


1/  The  Montana  Permanent  Program  was  approved  by  the  U.S 
Interior,  Office  of  Surface  Mining,  on  April  1,  1980. 
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NOTE 
Study  area  not  shaded 
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PUMPKIN      CREEK     COALFIELD 
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View  looking  east  from  a  high  knob  west  of  DH-77-104. 
Fence  runs  north-south  between  sections  31  and  32, 
T.  3  S.,  R.  49  E.,  Pumpkin  Creek  Study  Area,  Montana, 
9/20/77.   Water  and  Power  Resources  Service  Photograph 
No.  P1305-600-24. 
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View  looking  northeast  from  a  high  knob  west  of 
DH-77-104.   Fence  runs  north-south  between 
sections  31  and  32,  T.  3  S.,  R.  49  E. ,  Pumpkin 
Creek  Study  Area,  Montana,  9/20/77.   Water  and 
Power  Resources  Service  Photograph  No.  P1305-600-25. 


OBJECTIVE  OF  RECLAMATION 

Montana  law  presently  requires  the  coal  mine  operator  to  restore  all 
disturbed  areas,  "in  a  timely  manner,  either  to  conditions  capable  of 
supporting  the  uses  they  were  capable  of  supporting  before  any  mining  or 
to  conditions  capable  of  supporting  approved  alternative  land  uses.   Alter- 
native land  uses  may  be  approved  by  the  Department  of  State  Lands  after 
consultation  with  the  landowner_or  the  land-management  agency  having  juris- 
diction over  the  lands  .  .  ."  /Rule  XVI,  5(c)  pursuant  to  "The  Montana  Strip 
and  Underground  Mine  Reclamation  Act"  -  Montana  Permanent  Program/. 

Unless  an  alternative  postmining  land  use  is  desired  by  the  landowner (s) 
and  approved  by  the  Montana  Department  of  State  Lands,  the  main  objective 
of  reclamation  in  the  Pumpkin  Creek  Study  Area  would  be  to  establish  a 
diversive  vegetative  cover  with  an  interspersion  of  vegetative  types  over 
the  reclaimed  land  capable  of  supporting  livestock  and  wildlife.   The 
integrity  of  the  visual  resource  should  be  maintained. 


PHYSICAL  PROFILE 

CLIMATE- 

The  Pumpkin  Creek  Study  Area  has  a  continental- type  semiarid  climate 
characterized  by  cold  winters,  warm  summers,  and  large  variations  in 
seasonal  precipitation. 

Precipitation 

The  mountains  along  the  Continental  Divide  cause  air  masses  to  rise  and 
precipitate  their  moisture,  primarily  on  the  windward  slopes.   The  air 
masses  then  warm  and  dry  as  they  descend  the  leeward  slopes.  As  a  result, 
a  "rain  shadow"  is  created  over  the  eastern  Montana  counties.   The  average 
annual  precipitation  in  these  counties  is  about  13  inches. 

The  following  mean  monthly  and  annual  precipitation  were  recorded  during 
the  period  1937-1961  at  Broadus,  Montana  (15  miles  southeast  of  the  study 
area) : 

Month 

Jan  Feb  Mar  Apr   May   June  July  Aug   Sept  Oct  Nov  Dec  Annual 

Inches 
.50   .46   .80  1.24  2.24  3.11   1.39   1.04   1.05   .88   .67   .43   13.8 

Approximately  73  percent  of  the  annual  precipitation  falls  during  the  period 
April  through  September.   May  and  June  are  the  wettest  months,  receiving 
39  percent  of  the  annual  precipitation. 

Snowfall  is  most  common  between  October  and  late  April.   However,  small 
amounts  may  also  occur  in  May,  June,  and  September.   Although  a  continuous 
snow  cover  is  not  common  in  this  area,  the  total  moisture  provided  by 
snowfall  may  comprise  as  much  as  32  percent  of  the  annual  precipitation. 

Temperature 

Based  on  data  recorded  at  Broadus,  Montana,  between  1937  and  1961,  temperature 
extremes  of  108°F  in  summer  and  -42°  in  winter  may  occur  in  this  area. 

Generally,  less  than  30  days  a  year  have  a  maximum  temperature  over  80°F, 
and  20  days  or  less  have  a  minimum  temperature  less  than  0°F. 

The  mean  monthly  and  annual  temperatures  recorded  at  Broadus  (1937-1961) 
are  as  follows : 


1/     Data  in  this  section  is  taken  from: 
Montana,  USDA-SCS,  1971. 


Soil  Survey  of  Powder  River  Area. 


Month  (°F) 

Jan   Feb   Mar   Apr   May   June  July  Aug   Sept  Oct   Nov   Dec   Annual 

18.9  23.5  31.6  44.4  54.8  62.8  71.6  70.1  58.6  47.8  32.2  24.0   45.1 

The  weather  station  at  Broadus  records  a  range  of  100  to  128  days  when  the 
temperature  exceeds  32°F  (frost-free  period)  and  144  days  when  the  tempera- 
ture is  above  28°F  (growing  season  for  hardy  crops) .   Growth  of  native 
range  plants  is  rapid  during  May  and  June.   However,  by  mid- July  the  avail- 
able soil  moisture  is  usually  depleted  and  the  plants  mature  or  become 
dormant. 

Other  Climatic  Factors 

Thunderstorms  and  occasional  destructive  hailstorms,  most  common  in  July 
and  August,  are  caused  by  local  convection  heating.   A  semi-permanent  low 
pressure  area  in  the  southwestern  United  States  results  in  a  flow  of 
unstable  air  into  the  area,  contributing  to  this  phenomena.   Damage  to 
range  plants  from  hail  and  heavy  rainfall  is  usually  minimal.  However,  the 
more  intense  storms  may  result  in  severe  soil  erosion,  especially  in  steeply 
sloping  and  sparsely  vegetated  areas. 

Considerable  sunshine  can  be  expected  in  all  seasons,  except  for  the  annual 
rainy  period  in  May  and  June  and  occasional  cloudy  periods  in  November  and 
December. 

Effect  of  Climate  on  Revegetation 

Climate  will  be  a  limiting  factor  for  revegetation  of  disturbed  land  with 
adapted  plant  species. 

Soil  moisture  is  relatively  high  during  the  early  part  of  the  growing  season 
and  plant  growth  is  rapid.   This  is  favorable  for  the  establishment  of 
spring  planted  grasses.   It  also  promotes  rapid  growth  of  fall  planted 
grasses,  which  should  be  well  established  before  erosive  thunderstorms  occur 
in  the  summer.   Plants  seeded  in  the  fall  or  early  spring  should  be 
established  before  the  available  moisture  is  depleted  in  July. 

Hazardous  climatic  factors  that  may  adversely  affect  revegetative  efforts  in 
this  study  area  include:   (1)  below  normal  or  uneven  distribution  of  preci- 
pitation, especially  during  the  growing  season,  (2)  intense  thunderstorms 
and/or  strong  winds  that  cause  erosion,  (3)  late  spring  freezes,  and 
(4)  depletion  of  soil  moisture  by  wind.  More  detailed  investigations  will 
be  necessary  prior  to  mining  to  more  accurately  determine  probabilities  of 
occurrence  of  these  factors.   This  data  can  then  be  used  to  predict  best 
possible  seeding  times  for  revegetation. 


PHYSIOGRAPHY 

The  Pumpkin  Creek  Study  Area  is  located  in  the  northern  part  of  the  Powder 
River  Basin  in  Powder  River  County,  Montana.   This  basin  lies  within  the 
unglaciated  Missouri  Plateau  section  of  the  Great  Plains  Physiographic 
Province.   Pumpkin  Creek,  a  tributary  of  the  Tongue  River,  forms  the  western 
border  of  the  study  area.   The  town  of  Broadus,  Montana,  is  located  about 
15  miles  southeast  of  the  study  area. 

The  surface  relief  in  this  study  area  is  about  350  feet,  with  elevations 
ranging  from  3700  feet  in  the  south-central  portion  of  the  area  to  3350  feet 
in  Pumpkin  Creek  valley  in  the  northwestern  corner  of  the  area.   Surface 
gradients  are  variable,  ranging  from  0  to  2  percent  in  Pumpkin  Creek  valley 
to  greater  than  35  percent  in  the  semibadlands  terrain  in  the  uplands. 

Topographic  features  occurring  in  this  study  area  include  small  valleys, 
fans,  swales,  relatively  smooth  side  slopes,  and  smooth  rolling  ridges. 
Several  buttes  and  steep,  rocky  outcrops  also  occur  in  the  area. 

Drainage  of  the  study  area  is  accomplished  through  an  extensive  system  of 
branching  natural  drains  (dendritic  pattern) .   The  general  flow  of  drainage 
is  northward  to  the  Yellowstone  River  via  Pumpkin  Creek  and  the  Tongue 
River. 


GEOLOGY 


Regional  Geology 


The  Pumpkin  Creek  Study  Area  is  located  in  the  northern  part  of  the 
Powder  River  Basin  in  southeastern  Montana.   This  basin,  a  part  of  the 
unglaciated  portion  of  the  Great  Plains  Physiographic  Province,  is  about 
225  miles  long,  extending  from  the  Yellowstone  River  in  Montana  to  the 
North  Platte  River  in  Wyoming.   It  is  about  90  miles  wide,  bordered  on  the 
west  by  the  Bighorn  Mountains  and  on  the  east  by  the  Black  Hills.   Structur- 
ally, the  basin  is  an  asymmetrical  syncline  with  a  northwestward  trending 
axis.   An  estimated  18,000  feet  of  sediments  overlie  the  basement  complex 
in  the  deepest  part  of  the  basin  north  of  Glenrock,  Wyoming. 

The  geologic  history  of  the  area  since  Precambrian  time  includes  periods 
of  deposition,  deformation,  and  erosion.   During  the  Paleozoic  and 
Mesozoic  Eras,  a  sequence  of  carbonates,  sandstones,  and  shales  were 
deposited  throughout  Montana  and  Wyoming.   Thickness  of  these  sediments 
on  the  west  side  of  the  basin  varies  from  9,000  feet  near  Yellowtail  Dam 
to  11,500  feet  near  Buffalo,  Wyoming.   About  6,500  feet  of  Paleozoic  and 
Mesozoic  sediments  are  present  in  the  Black  Hills  area  on  the  east  side 
of  the  basin. 

The  area  was  relatively  stable  during  these  periods,  with  deposition 
generally  occurring  in  a  marine  environment.   Deformation  of  these 
strata  began  with  the  Laramide  Revolution  near  the  close  of  the  Mesozoic 
Era  (Late  Cretaceous) ,  at  which  time  mountain  masses  such  as  the  Bighorns 
and  Black  Hills  were  uplifted.   Uplift  continued  through  the  Paleocene  and 
gradually  ended  in  Eocene  time.   Materials  stripped  from  the  mountains 
were  deposited  in  fans  or  sheets  across  the  basin  floors,  gradually  burying 
the  flanks  of  the  mountains  in  their  own  debris.   By  the  middle  of  the 
Cenozoic  Era,  the  basins  were  largely  filled  and  the  mountains  peneplained. 
In  Pliocene  time,  a  broad  regional  uplift  occurred  and  continued  inter- 
mittently into  Pleistocene  time.   This  uplift  raised  the  previously  developed 
peneplain  surface  to  elevations  of  about  10,000  feet  in  the  Bighorn  Mountains, 
Streams  rejuvenated  by  the  uplift  excavated  the  basins  and  exhumed  the 
buried  mountains  masses. 

Today,  Precambrian  rocks  are  exposed  in  the  cores  of  the  Black  Hills  and 
Bighorn  Mountains.   These  rocks  are  surrounded  by  sediments  of  Paleozoic 
and  Mesozoic  Age.   The  central  part  of  the  basin  is  filled  with 
Cenozoic  (Tertiary)  sediments.   Plate  5  is  a  generalized  map  of  the 
regional  geology  of  the  basin  area. 


Area  Geology 


Investigations 

All  of  the  Pumpkin  Creek  Study  Area  was  mapped  by  the  U.S.  Geological  Survey 
Maps  are  included  in  the  Coal  Resources  section  of  this  report. 


Drilling  investigations  in  the  study  area  were  started  by  the  Bureau  of 
Reclamation  during  November  1976.   Heavy  snows  during  December  of  that  year 
halted  all  activity.   Work  was  then  resumed  during  August  1977  and  continued 
through  September  1977. 

Ten  drill  holes  were  cored  to  depths  ranging  from  134.0  to  314.5  feet. 
Continuous  cores  were  obtained  from  all  holes  for  geologic  logging  and  for 
the  selection  of  coal  and  overburden  samples  for  laboratory  analyses.   Loca- 
tions of  the  drill  holes  are  shown  on  Plates  16  and  17  (following  pages  16,  18) 
Detailed  geologic  logs  of  all  drill  holes  are  included  on  Plates  6  through 
15  (Appendix  B) . 

All  overburden  cores  were  tested  for  suitability  in  reconstructed  profiles 
by  the  Bureau  of  Reclamation  Soils  Laboratory  in  Bismarck,  North  Dakota. 
Test  results  are  graphically  shown  on  the  geologic  logs. 


Stratigraphy 

Sedimentary  units  exposed  in  the  Pumpkin  Creek  Study  Area  are  Paleocene  to 
Holocene  in  age.   Plate  17  (following  page  18)  is  a  geologic  map  of  the 
study  area.   Three  unconsolidated  Pleistocene  or  Holocene  age  units  and 
one  Paleocene  bedrock  unit  have  been  mapped.   Brief  descriptions  of  the 
stratigraphic  units  are: 

Holocene 

Alluvium  (Qa)  -  unconsolidated  clay,  silt,  sand  and  lenses  of  gravel  in  and 
adjacent  to  the  principal  streams.   Areas  include  alluvial  valley  floor, 
stream  channel,  flood  plain  and  low  alluvial  terrace  deposits. 

Other  Alluvial  Deposits  (Qao)  -  unconsolidated  clay,  silt,  sand  and  lenses 
of igravel  adjacent  to  valley  floors  of  principal  streams,  in  and  adjacent 
to  tributary  streams,  and  in  the  upper  reaches  of  the  principal  streams. 
Includes  upper  stream  channel,  older  flood  plain,  alluvial  terrace  deposits, 
and,  locally,  some  alluvial  fan  and  slopewash  deposits. 

Holocene  and  Pleistocene 

Terrace  Deposits  (Qt)  -  unconsolidated  silt,  sand  and  gravel.   Contains 
pebbles,  cobbles  and  boulders  of  clinker,  siltstone,  silty  limestone,  and 
sparse  petrified  wood.   Terrace  levels  lie  as  much  as  160  feet  above  the 
principal  streams. 

Paleocene 

Tongue  River  Member  -  Fort  Union  Formation  (Tft)  -  light  to  dark  gray, 
yellowish  gray  and  tan  sequence  of  alternating  units  of  mudstone,  siltstone, 
sandstone,  shale,  carbonaceous  shale,  silty  limestone  and  coal.   Investiga- 
tions reveal  that  the  top  part  of  the  member  has  been  eroded  from  the  study 
area.   A  thickness  of  approximately  800  feet  is  still  represented. 
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Clinker 

Striking  features  in  the  Fort  Union  Formation  are  the  resistant  clinker 
zones,  locally  called  "scoria,"  that  cap  ridges  and  buttes  or  armor  valley 
walls.   The  clinker  is  a  fused  or  baked  rock  produced  by  the  burning  of 
coalbeds  along  and  back  from  the  outcrops.   In  places  where  the  heat  was 
sufficiently  intense,  the  clinker  has  been  fused  to  a  dark  gray,  lightweight 
rock  similar  in  appearance  to  vesicular  basalt.   Near  the  outer  edge  of 
thermal  metamorphism,  the  rock  is  disoriented,  baked  and  reddish  orange  in 
color.   Alteration  of  the  overlying  material  is  roughly  proportional  to  the 
thickness  of  coal  that  has  burned.   A  coalbed  30  feet  thick  will  produce 
clinker  zones  50  to  75  feet  thick.   The  clinker  is  highly  permeable  and 
locally  supplies  water  for  springs  and  wells.   Subsurface  investigations  at 
other  sites  show  that  not  all  coal  has  burned  beneath  clinkered  areas.  An 
extensive  drilling  program  would  be  required  to  locate  and  delineate  any 
such  deposit.   For  the  purpose  of  this  report,  the  contact  between  baked 
and  unbaked  rock  is  assumed  to  be  vertical  and  that  all  coal  underlying 
clinker  has  burned. 


Structure 

The  Pumpkin  Creek  Study  Area  is  located  on  the  east  flank  of  the  Powder 
River  Basin.   Regional  dip  is  approximately  1  degree  or  less  to  the  west 
and  southwest.   Local  undulations  occur  within  rock  units  and  are  probably 
the  result  of  differential  compaction. 

Three  normal  faults  were  mapped  in  the  study  area  by  the  U.S.  Geological 
Survey  (Plate  17) .   The  most  significant  of  the  faults  is  in  the  southern 
part  of  the  area.   It  strikes  northwest  and  has  a  displacement  of  about 
50  feet  or  less.   It  can  be  traced  for  approximately  4  miles.   The  other 
faults  are  in  the  northwestern  part  of  the  study  area.   They  strike  north- 
northwest  and  are  limited  in  displacement  and  extent. 


Paleontology 

Both  plant  and  invertebrate  fossils  are  present  in  the  Pumpkin  Creek  Study 
Area.   They  represent  a  continental  environment  with  permanent  bodies  of 
fresh  water. 

The  plant  fossils  are  represented  by  poorly  silicified  wood  found  as  large 
stumps  in  the  Tongue  River  Member  or  as  petrified  wood  fragments  in  terrace 
deposits.   Several  broken  and  scattered  tree  stumps  of  at  least  4  feet  diam- 
eter are  present  in  the  area.   Invertebrate  fossils  are  present  in  areas  of 
the  Tongue  River  Member.   The  U.S.  Geological  Survey  made  a  collection  of 
these  fossils  from  the  Nw^  NW^  Sec.  20,  T.  3  S.,  R.  49  E.  (USGS  Cenozoic 
Loc.  D  1287  NM) .   They  were  identified  by  John  H.  Hanley  as  bivalves 
Plesielliptio  pricus  (Meek  and  Hayden)  and  Pisidium  spp.  indet. ,  gastropods 
Campeloma  nebrascensis  nebrascensis  (Meek  and  Hayden) ,  Lioplacodes  limnaeformis 
(Meek  and  Hayden) ,  and  Lioplacodes  nebrascensis  (Meek  and  Hayden) ,  and  the 
ostrocode  Ostracoda  spp.  indeterminate. 
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Engineering  Geology 

Stability  of  Excavation  Slopes 

Engineering  property  tests  were  not  conducted  on  bedrock  samples  from  the 
Pumpkin  Creek  Study  Area,  but  physical  property  test  results  should  be 
similar  to  those  of  Fort  Union  Formation  samples  tested  at  the  Otter  Creek 
Study  Site,  Montana  (EMRIA  Report  No.  1). 

Much  of  the  bedrock  at  the  Pumpkin  Creek  Study  Area  consists  of  bentonitic 
shales  which  are  susceptible  to  minor  shrinking  and  swelling.   Shear  strengths 
of  the  material  are  low,  especially  in  a  saturated  condition.   Slides  could 
easily  develop  adjacent  to  high  walls  in  surface  mines,  particularly  along 
beds  of  weak,  plastic,  carbonaceous  shales  which  are  typically  cut  by 
inherent  slickensides.   Adequate  drainage  will  have  to  be  maintained  to 
relieve  pore  water  pressure  in  the  overburden  as  mine  excavations  progress. 

Saturated,  uncemented  siltstones  and  fine  grained  sandstones  will  readily 
erode  and  flow  into  excavations.   This  problem  is  sometimes  encountered 
in  drilling  when  the  walls  of  holes  collapse  or  slough.   Depth  of  excavation 
will  be  limited  by  the  water  table  until  these  materials  are  dewatered. 

Excavation  slopes  will  vary  considerably  between  mine  sites  and  will  be 
dependent  on  exposure  time,  moisture  conditions,  material  types  and  depth 
of  cut.   Detailed  engineering  studies  of  the  overburden  will  be  required  at 
each  location  for  use  in  determination  of  designed  slopes. 

Studies  conducted  at  the  Otter  Creek  site  indicate  that  disturbed  overburden 
(spoil  banks  and  piles)  should  have  slopes  not  greater  than  4  to  1  with 
berms  of  50  to  100  feet  in  width  designed  on  the  slope  surface. 


Stability  of  the  Present  Landscape 

In  its  present  undisturbed  state,  the  Pumpkin  Creek  Study  Area  experiences 
no  problems  with  land  stability.   Landslides  do  not  occur  because  of  the 
gentle  slopes  and  subsidence  is  not  a  problem. 


Overburden  Expansion 

Overburden  volumes  expand  as  the  materials  are  broken  up  during  mining.   The 
increase  in  volume  (bulking  or  swell)  differs  for  various  types  of  soil  and 
rock.   Soft  sandstones  and  shales  in  the  Fort  Union  Formation  will  probably 
expand  about  25  percent.   In  some  cases,  the  surface  of  the  replaced  over- 
burden will  be  higher  after  mining  than  the  ground  surface  was  before 
disturbance. 
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Instability  of  the  Postmining  Landscape  — 

Three  types  of  instability  are  common  on  reclaimed  coal  mined  areas  in  the 
Northern  Great  Plains.   They  are:   (1)  area-wide  settling;  (2)  localized 
collapse;  and  (3)  piping.   Each  type  of  instability  is  affected  by  variables 
in  the  postmining  landscape.   These  include  the  physical  and  chemical  char- 
acteristics of  the  overburden,  methods  and  equipment  used  in  stripping  and 
contouring  operations,  and  the  season  when  these  activities  occur. 

Area-wide  settling  is  common  in  most  postmining  landscapes,  but  appears  to 
cause  only  minimal  disruption.   This  settlement  will  generally  be  most  pro- 
nounced during  the  first  year  and  will  continue  at  a  decreasing  rate  with 
time. 

The  texture  of  the  overburden  will  have  a  marked  influence  on  settlement. 
Fine-textured  (clayey)  overburden  usually  results  in  more  blocky  and,  ini- 
tially, more  porous  spoils  than  does  coarse-textured  (sandy)  overburden. 
Therefore,  a  lesser  degree  of  settlement  is  expected  in  areas  of  largely 
sandy  spoils  than  in  areas  of  clayey  spoils. 

Equipment  is  also  a  critical  factor.   Settlement  is  significantly  less  in 
scraper-contoured  areas  than  in  dozer-contoured  areas,  especially  if  con- 
touring is  conducted  in  mid-winter.   This  is  because  a  greater  degree  of 
compaction  is  achieved  in  scraper-contouring  operations  than  in  dozer- 
contouring  operations. 

Local  collapse  features  develop  soon  after  contouring  and  usually  complete 
development  within  a  year.   They  commonly  occur  in  precontouring  valley  areas 
where  frozen  spoil  blocks  are  concentrated  by  final,  mid-winter  dozer  con- 
touring.  Thawing  of  these  blocks  results  in  local  surface  subsidence.   In 
contrast,  areas  contoured  in  mid-winter  with  a  scraper  are  stable  because 
large  blocks  of  frozen  spoil  are  broken  apart,  spread,  and  compacted.   This 
type  of  landscape  instability  is,  therefore,  largely  equipment  and  seasonally 
controlled. 

Piping  appears  to  be  a  severe  and  long-term  problem  in  some  postmining  land- 
scapes.  Development  usually  begins  soon  after  contouring  and  may  continue 
for  several  years.   In  some  postmining  landscapes,  piping  has  only  started 
to  develop  after  as  much  as  5  years  of  apparent  stability.   It  is  controlled 
by  a  combination  of  physical  and  chemical  conditions  in  the  spoils. 

A  key  factor  in  the  development  of  piping  features  is  the  cracking  of  spoils 
in  areas  containing  highly  dispersive  sodic  material.   These  cracks  allow 
access  for  large  volumes  of  surface  runoff  to  flow  into  the  subsurface. 
Piping  generally  develops  on  nearly  flat  slopes  where  surface  runoff  is 
minimal  and  infiltration  is  maximized. 

Piping,  like  the  other  instability  problems,  most  commonly  develops  in  areas 
contoured  by  dozers.   Scraper-contoured  areas  generally  are  better  compacted, 
thus  providing  fewer  subsurface  avenues  for  infiltration  of  surface  water. 


1/  Groenewold,  G.H. ,  and  Rehm,  B.W.,  1980. 

13 


Weathering  Tests 

Laboratory  weathering  and  outdoor  exposure  tests  were  conducted  on 
overburden  samples  from  the  Pumpkin  Creek,  Montana  Study  Area.   The 
purpose  of  these  tests  was  to  determine  which  materials  would  break  down 
sufficiently  to  allow  for  their  possible  use  as  planting  media  in 
revegetation  of  strip-mined  areas. 

Specimens  for  laboratory  weathering  and  outdoor  exposure  tests  were  cut 
from  core  samples  obtained  from  Drill  Hole  76-101  (USBR) .   In  addition, 
composite  samples  of  crushed  core  from  the  same  drill  hole  measuring  300 
mm  by  300  mm  by  50  mm  (12  in.  by  12  in.  by  2  in.)  were  prepared  and 
tested. 

The  reason  for  including  outdoor  exposure  tests  was  to  determine  if  any 
correlation  could  be  drawn  between  this  type  of  weathering  and  the 
laboratory  weathering  conditions.   A  laboratory  weathering  cycle  consisted 
of  the  following  conditions: 

1.  Eight  hours  at  23.9°C  (75°F),  100  percent  relative  humidity 
(wetting/thawing) . 

2.  Sixteen  hours  (64  hours  on  weekends)  at  37.8°C  (100°F) ,  10  percent 
relative  humidity  (drying) . 

3.  Eight  hours  at  23.9°C  (75°F) ,  100  percent  relative  humidity 
(wetting) . 

4.  Sixteen  hours  (64  hours  on  weekends  at  -17.8  C  (0°F)  freezing. 

The  core  specimens  tested  were  approximately  50  mm  (2  inches)  in  length. 
For  testing  and  handling,  each  core  specimen  was  placed  on  a  ~No.  10  mesh 
screen  in  a  400-ml  plastic  beaker. 

Laboratory  weathering  tests  were  started  on  December  13,  1977,  and  20 
laboratory  weathering  cycles  were  completed  on  February  10,  1978. 
Outdoor  exposure  tests  commenced  on  December  13,  1977,  and  were  completed 
on  December  12,  1978.   During  this  one-year  period,  the  specimens  were 
subjected  to  250  mm  (10  in)  of  precipitation. 

Test  results  are  summarized  in  Table  1  (Appendix  B)  and  shown  visually 
in  Photographs  6  through  14  (Appendix  B) . 

At  the  completion  of  the  weathering  tests,  a  percent  breakdown  value  (%BD) 
was  determined  for  the  specimens.   This  value  listed  under  the  Remarks 
column  in  the  table  was  derived  as  follows: 

TW  -  IW 
%BD  =  1W  TO1W   (100) 


where 


TW  =  total  specimen  weight 

IW  =  weight  of  original  specimen 

remaining  intact  after  testing, 
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For  the  overburden  samples  from  Pumpkin  Creek  the  following  materials  broke 
down  sufficiently  to  be  considered  for  possible  use  as  planting  media: 
shale  samples  PC-1,  PC-4 ,  and  PC-5;  and  siltstone  sample  PC-2  (See  Photo- 
graphs 6  and  7,  Appendix  B) .   Very  little  breakdown  was  noted  for  composite 
sample  PC-7A  after  20  laboratory  weathering  cycles  (See  Photograph  12, 
Appendix  B) .   However,  composite  sample  PC-7B  showed  considerable  breakdown 
after  1  year  of  outdoor  exposure  (See  Photograph  14,  Appendix  B) . 

With  regard  to  correlation  between  laboratory  and  outdoor  weathering  conducted 
concurrently,  the  former  appeared  to  be  more  severe.   This  was  primarily  due 
to  the  rather  mild  winter  weather  and  low  precipitation  that  the  outdoor 
exposure  specimens  were  subjected  to. 


Seismicity 

The  Pumpkin  Creek  Study  Area  lies  within  a  relatively  stable  part  of  North 
America.   All  of  eastern  Montana  is  within  Zone  1  of  the  Algermisson  Seismic 
Risk  Map.   In  this  zone  distant  earthquakes  can  cause  minor  damage  to  struc- 
tures with  fundamental  periods  greater  than  1.0  second  (Corresponds  to 
intensities  V  and  VI  of  the  Modified  Mercalli  Intensity  Scale  of  1931) . 

No  earthquakes  of  intensity  V  or  above  (Modified  Mercalli)  have  occurred  in 
eastern  Montana  during  historical  times. 

The  Yellowstone  Park  area  is  the  most  active  seismic  region  within  300  miles 
of  the  Pumpkin  Creek  Study  Area.   The  largest  earthquake  (7.1  Richter) 
recorded  in  this  area  occured  at  Hebgen  Lake,  Montana,  on  August  17,  1959, 
a  distance  of  about  280  miles  from  the  study  area.   Although  considerable 
damage  occurred  near  the  epicenter,  the  quake  was  not  readily  noticed  in 
the  Powder  River  Basin. 

Several  earthquakes  with  intensities  of  V  to  VI  (Modified  Mercalli)  have 
been  recorded  within  150  miles  of  the  study  area.   These  are  listed  below: 


Date 

October  11,  1895 
November  17,  1925 
November  16,  1928 
June  26,  1966 


Intensi 

ty 

Distance  from 

(Modified  Mercall 

i) 

Pumpkin  Creek 

V 

150  miles 

V 

85  miles 

V 

150  miles 

VI 

150  miles 

Located  Near 


Keystone,  SD 
Bighorn,  WY 
Custer,  SD 
Rapid  City,  SD 
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COAL  RESOURCES^' 


Introduction 


This  report  was  prepared  as  a  contribution  to  the  study  of  the  coal 
mining  potential  of  an  area  in  the  smithwest  part  of  the  Coalwood  Coalfield, 
the  southeast  part  of  the  Ashland  Coalfield,  and  the  northeast  part  of 
the  Birney-Broadus  Coalfield  in  southeast  Montana.   The  area  was  selected 
for  investigation  by  the  EMRIA  (Energy  Minerals  Rehabilitation  Inventory 
and  Analysis)  program  of  the  U.S.  Bureau  of  Land  Management.   The  Pumpkin 
Creek  Study  Area  was  selected  for  evaluation  of  the  Coalbeds  A,  Sawyer, 
and  Mackin-Walker.   This  report  summarizes  information  on  resources  and 
coal  quality  gained  during  the  study,  and  is  based  on  field  observations 
and  data  from  drill  holes. 

The  Pumpkin  Creek  site  is  an  area  of  about  94  square  miles  between 
Pumpkin  Creek,  a  tributary  of  the  Tongue  River,  and  Mizpah  Creek,  a 
tributary  of  the  Powder  River  (Figure  1) .   The  site  includes  the  Leslie 
Creek  7-1/2  minute  topographic  quadrangle  and  parts  of  Box  Elder  Creek, 
Coalwood,  and  Olive  7-1/2  minute  topographic  quadrangles. 

The  geology  of  the  coalbeds  was  mapped  by  Marguerite  Glenn  with  the 
assistance  of  Jeanette  Hartman  (USGS)  during  the  summers  of  1976  and 
1977.   Aerial  photographs  were  used  to  locate  outcrops  and  outline  areas 
of  burned  beds  as  a  supplement  to  field  observations.   Fresh  coal  samples, 
coal  quality  information,  and  coal  thicknesses  used  in  resource  calculations 
were  obtained  from  12  holes  drilled  and  cored  by  the  Geological  Survey, 
10  holes  cored  by  the  Bureau  of  Reclamation,  11  holes  (1  just  outside 
the  EMRIA  site)  drilled  by  the  Montana  Bureau  of  Mines  and  Geology  and 
the  U.S.  Geological  Survey,  and  from  about  3  dozen  previously  drilled 
holes.   J.R.  Hatch  sampled  the  coal  cores  for  analysis.   The  results  of 
the  analyses  are  discussed  by  J.R.  Hatch  and  R.H.  Affolter  in  Appendix 
C. 


Geologic  Setting 

The  coalbeds  in  the  Pumpkin  Creek  area  are  in  the  lower  part  of  the 
Tongue  River  Member  of  the  Fort  Union  Formation  of  Paleocene  age. 
Approximately  800  feet  of  mudstone,  siltstone,  sandstone,  silty  limestone, 
and  coal  comprise  the  Tongue  River  Member  in  the  study  site.   The  top  of 
the  member  is  eroded  and  the  base  is  not  exposed.   The  coal  and  enclosing 
strata  generally  dip  less  than  1  degree  to  the  west.   The  regional 
westward  dip  is  interrupted  locally  by  very  low  amplitude  undulations, 
probably  related  to  differential  compaction  of  the  rocks  of  the  Tongue 
River  Member. 

Localities  where  the  coalbeds  were  measured  or  observed  on  the  surface, 
holes  drilled  for  the  EMRIA  study,  holes  previouly  drilled  from  which 
coal  thickness  data  were  used,  and  lines  of  drill  hole  sections  are 
shown  on  Plate  16. 


1/  The  following  supplements  are  included  for  reference  in  Appendix  C: 
(1)  a  general  discussion  of  coal  type,  rank,  etc.;  and  (2)  a  technical 
paper  describing  chemical  analyses  of  lignite  from  the  Tongue  River 
Member  of  the  Fort  Union  Formation,  Pumpkin  Creek  Study  Area. 
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Figure  1 
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Figure  1.  —  Index  map  of  the  Pumpkin  Creek  EMRIA  study 
site,  Powder  River  County,  Montana,  showing  drill 
holes  from  which  coal  -samples  were  taken 


The  localities  where  coal  was  measured  or  observed  on  the  surface,  names 
of  beds  measured,  and  coal  thicknesses  are  shown  in  geographic  order  in 
Table  2,  Appendix  C.   Outcrops  and  thickness  of  coalbeds,  areas  of 
burned  beds,  alluvial  and  terrace  deposits,  locations  of  abandoned 
mines,  and  some  faults  are  shown  on  Plate  17.   Structure  of  the  Coalbeds 
A,  Sawyer,  and  Mackin-Walker  and  the  areas  of  measured,  indicated,  and 
inferred  resources  for  each  bed  are  shown  on  Plates  18,  19,  and  20, 
Appendix  C. 

Sections  of  the  coalbeds  in  all  the  holes  drilled  for  the  EMRIA  study 
are  shown  on  Plate  21,  Appendix  C.   Lines  of  sections  showing  thicknesses 
of  coalbeds,  thinning  of  the  Mackin-Walker  bed  to  the  south,  and  southward 
thickening  of  the  parting  between  the  Sawyer  and  A  Coalbeds  are  shown  on 
Plates  22  and  23,  Appendix  C. 


Description  of  the  Coalbeds 

The  names  and  relative  stratigraphic  positions  of  the  coal  (lignite) 
beds  in  the  study  site  are  shown  in  Figure  2  and  Plate  17.   The  names 
are  those  used  previouly  by  other  geologists  mapping  in  the  area.   The 
Allen,  Broadus,  Flowers-Goodale,  Knobloch,  A,  Sawyer,  Mackin-Walker, 
Stump,  and  X  beds  as  used  in  Tps.  2  and  3  S.,  R.  49  E.,  are  taken  from 
Bryson  (1951)  as  he  mapped  these  beds  in  the  Coalwood  Coalfield.   Along 
the  west  edge  of  the  area  in  Tps.  2  and  3  S.,  R.  48  E.,  the  names  Knobloch, 
A,  and  Sawyer  had  been  used  previously  by  Bass  (1932)  in  the  Ashland 
Coalfield.   The  name  Sawyer  was  first  used  by  Dobbin  (1929,  p.  28,  49- 
50)  in  the  Forsyth  Field.   The  name  Pawnee  is  from  a  report  by  Warren  (1959) 
as  he  mapped  the  bed  in  T.  4  S.,  R.  49  E.,  of  the  Birney-Broadus  Coalfield. 
Brown  and  others  (1954,  p.  186-190)  and  Matson,  and  other  (1973)  also 
have  discussed  the  coalbeds  in  this  area. 

Structure  of  the  coalbeds  is  shown  on  Plates  18,  19,  and  20,  Appendix  C. 
Thicknesses  of  coal,  partings,  and  coalbed  pinch  outs  are  shown  in  the 
drill  hole  sections  on  Plates  21,  22,  and  23,  Appendix  C. 

Local  Bed  LI  Below  the  Allen  Bed 

A  local  (LI)  coalbed  outcrops  in  sec.  31,  T.  IS.,  R.  49  E.,  where  it  is 
2.7  feet  thick  (.8m).   It  extends  also  into  sec.  6,  T.  2  S.,  R.  49  E. 
(Plate  17).   It  is  about  300  feet  (30.5  m)  below  the  Flowers-Goodale 
Coalbed. 

Allen  Bed 

The  Allen  Coalbed  outcrops  in  T.  IS.,  R.  49  E.,  and  extends  into  the 
north  part  of  T.  2  S.,  R.  49  E.  (Plate  17).   It  is  1.2-2.9  feet  (0.7- 
0.9  m)  thick  and  is  about  40  feet  (12.2  m)  below  the  Flowers-Goodale 
Coalbed. 

Local  Bed  L2  Below  the  Flowers-Goodale  Bed 

A  local  coalbed  (L2)  outcrops  about  15  feet  (4.6  m)  below  the  Flowers- 
Goodale,  locally,  in  the  northwest  part  of  T.  2  S.,  R.  49  E.  (Plate  17). 
It  is  1.7-3.7  feet  (0.5-1.1  m)  thick. 
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Flowers-Goodale  Beds 

The  Flowers-Goodale  Coalbed  outcrops  in  the  south  part  of  T.  IS.,  R.  49  E. , 
the  north  part  of  T.  2  S.,  R.  49  E. ,^and  in  T.  2  S.,  R.  48  E.   It  ranges 
in  thickness  from  less  than  2  feet  (0.6  m)  to  about  4  feet  (1.2  m)  and 
locally  in  sec.  5,  T.  2  S. ,  R.  49  E.,  it  splits  into  two  beds  of  similar 
thickness  (Plate  17).   The  Flowers-Goodale  was  considered  by  Bryson 
(1951,  p.  75)  to  be  the  equivalent  of  the  Broadus  Coalbed,  which  is 
about  135  feet  (41  m)  above  the  base  of  the  Tongue  River  Member  of  the 
Fort  Union  Formation.   The  name  Broadus  is  used  in  this  study  to  refer 
to  a  thicker  coalbed  reported  in  drill  holes  in  the  south  and  east  parts 
of  the  area,  and  the  name  Flowers-Goodale  is  used  for  the  thinner  coalbed 
exposed  on  the  surface  in  the  north. 

Knobloch  Bed 

The  Knobloch  Coalbed  is  about  60  feet  (18  m)  above  the  Flowers-Goodale 
and  about  120-140  feet  (38-43  m)  below  the  Sawyer  in  the  north  part  of 
the  area.   It  ranges  from  2  to  12  feet  (0.6-3.6  m)  in  thickness,  and 
locally  occurs  as  two  beds  of  similar  thickness  about  30-40  feet  (9- 
12  m)  apart.   It  outcrops  in  the  north  part  of  the  study  site  and  is 
reported  in  drill  holes  throughout  the  area  (Plate  17). 

Sawyer  and  A  Beds 

The  main  coalbed  of  the  study  site  is  the  generally  30-foot-thick  Sawyer. 
Although  the  Sawyer  has  burned  extensively  along  the  outcrop  edges,  large 
unburned  resources  of  it  underlie  the  south  half  of  T.  2  S.,  R.  49  E,  most 
of  T.  3  S.,  R.  49  E.,  and  most  of  Tps.  3  and  4  S.,  R.  48  E. ,  and  T.  4  S., 
R.  49  E.  (Plate  17). 

In  the  middle  of  the  Sawyer  Coalbed  is  a  persistent  shale  parting,  0.5-2  feet 
(0.L5-0.6  m)  thick  that  thickens  abruptly  in  the  southern  third  of  T.  3  S. 
and  continues  southward  into  T.  4  S.  where  it  becomes  as  much  as  50  feet 
(15  m)  thick  (Plate  17  and  Plates  21,  22,  and  23,  Appendix  C) . 

The  name  A  is  used  for  the  lower  split  of  the  Sawyer  where  the  parting 
between  the  two  coals  is  more  than  2  feet  (0.6  m)  thick  (Plate  17  and 
Plates  21,  22,  and  23,  Appendix  C) .   In  sec.  4,  T.  4  S.,  R.  49  E., 
Coalbed  A  is  split  into  two  coalbeds  (Plate  17  and  Plate  22,  Appendix  C) . 
In  sec.  33,  T.  IS.,  R.  49  E.,  Coalbed  A  is  3.3-4.5  feet  (1-1.4  m)  thick 
and  lies  about  40  feet  (12  m)  below  the  Sawyer.   In  the  north  part  of 
T.  2  S.,  R.  49  E.,  however,  Coalbed  A  and  the  Sawyer  Coalbed  both  are 
burned  and  so  difficult  to  distinguish  that,  in  most  places,  they  are 
mapped  together.   In  the  southern  part  of  the  study  area,  Coalbed  A  ranges 
from  9  to  16  feet  (2.7-4.9  m)  in  thickness  and  the  Sawyer  from  12  to  20  feet 
(3.7-6.1  m). 

Local  Bed  L3  Above  the  Sawyer  Bed 

In  the  south  part  of  T.  3  S.,  R.  49  E.,  and  the  north  part  of  T.  4  S., 
R.  49  E.,  a  local  coal  (L3)  is  50-75  feet  (15-23  m)  above  the  Sawyer 
(Plate  17).   The  thickness  of  the  coal  is  1-3  feet. 
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Flowers-Goodale  Beds 

The  Flowers-Goodale  Coalbed  outcrops  in  the  south  part  of  T.  IS.,  R.  49  E. , 
the  north  part  of  T.  2  S.,  R.  49  E.,~~and  in  T.  2  S.,  R.  48  E.   It  ranges 
in  thickness  from  less  than  2  feet  (0.6  m)  to  about  4  feet  (1.2  m)  and 
locally  in  sec.  5,  T.  2  S. ,  R.  49  E.,  it  splits  into  two  beds  of  similar 
thickness  (Plate  17).   The  Flowers-Goodale  was  considered  by  Bryson 
(1951,  p.  75)  to  be  the  equivalent  of  the  Broadus  Coalbed,  which  is 
about  135  feet  (41  m)  above  the  base  of  the  Tongue  River  Member  of  the 
Fort  Union  Formation.   The  name  Broadus  is  used  in  this  study  to  refer 
to  a  thicker  coalbed  reported  in  drill  holes  in  the  south  and  east  parts 
of  the  area,  and  the  name  Flowers-Goodale  is  used  for  the  thinner  coalbed 
exposed  on  the  surface  in  the  north. 

Knobloch  Bed 

The  Knobloch  Coalbed  is  about  60  feet  (18  m)  above  the  Flowers-Goodale 
and  about  120-140  feet  (38-43  m)  below  the  Sawyer  in  the  north  part  of 
the  area.   It  ranges  from  2  to  12  feet  (0.6-3.6  m)  in  thickness,  and 
locally  occurs  as  two  beds  of  similar  thickness  about  30-40  feet  (9- 
12  m)  apart.   It  outcrops  in  the  north  part  of  the  study  site  and  is 
reported  in  drill  holes  throughout  the  area  (Plate  17). 

Sawyer  and  A  Beds 

The  main  coalbed  of  the  study  site  is  the  generally  30-foot-thick  Sawyer. 
Although  the  Sawyer  has  burned  extensively  along  the  outcrop  edges,  large 
unburned  resources  of  it  underlie  the  south  half  of  T.  2  S.,  R.  49  E,  most 
of  T.  3  S.,  R.  49  E.,  and  most  of  Tps.  3  and  4  S.,  R.  48  E. ,  and  T.  4  S., 
R.  49  E.  (Plate  17). 

In  the  middle  of  the  Sawyer  Coalbed  is  a  persistent  shale  parting,  0.5-2  feet 
(0.15-0.6  m)  thick  that  thickens  abruptly  in  the  southern  third  of  T.  3  S. 
and  continues  southward  into  T.  4  S.  where  it  becomes  as  much  as  50  feet 
(15  m)  thick  (Plate  17  and  Plates  21,  22,  and  23,  Appendix  C) . 

The  name  A  is  used  for  the  lower  split  of  the  Sawyer  where  the  parting 
between  the  two  coals  is  more  than  2  feet  (0.6  m)  thick  (Plate  17  and 
Plates  21,  22,  and  23,  Appendix  C) .   In  sec.  4,  T.  4  S.,  R.  49  E., 
Coalbed  A  is  split  into  two  coalbeds  (Plate  17  and  Plate  22,  Appendix  C) . 
In  sec.  33,  T.  IS.,  R.  49  E.,  Coalbed  A  is  3.3-4.5  feet  (1-1.4  m)  thick 
and  lies  about  40  feet  (12  m)  below  the  Sawyer.   In  the  north  part  of 
T.  2  S.,  R.  49  E.,  however,  Coalbed  A  and  the  Sawyer  Coalbed  both  are 
burned  and  so  difficult  to  distinguish  that,  in  most  places,  they  are 
mapped  together.   In  the  southern  part  of  the  study  area,  Coalbed  A  ranges 
from  9  to  16  feet  (2.7-4.9  m)  in  thickness  and  the  Sawyer  from  12  to  20  feet 
(3.7-6.1  m). 

Local  Bed  L3  Above  the  Sawyer  Bed 

In  the  south  part  of  T.  3  S.,  R.  49  E.,  and  the  north  part  of  T.  4  S., 
R.  49  E.,  a  local  coal  (L3)  is  50-75  feet  (15-23  m)  above  the  Sawyer 
(Plate  17).   The  thickness  of  the  coal  is  1-3  feet. 
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Figure  2.—  Generalized  section  shoving  relative  stratigraphic  positions  of 
ligmte  beds  in  Pumpkin  Creek  EMRIA  study  site,  southeastern  Montana. 


Mackin-Walker  Beds 

The  next  higher  coalbed  is  the  Mackin-Walker,  which  lies  80-120  feet 
(24-38  m)  above  the  base  of  the  Sawyer  and  extends  over  the  north  half 
of  T.  3  S.,  R.  49  E.,  and  the  south  half  of  T.  2  S.,  R.  49  E.  (Plate  17). 
It  is  9.7  feet  (3  m)  thick  at  an  abandoned  mine  in  sec.  35,  T.  2  S., 
R.  49  E.,  but  thins  in  all  directions  from  this  point.   In  the  southwest 
part  of  T.  2  S.,  R.  49  E.,  it  occurs  as  two  beds  30-40  feet  apart.   It 
was  named  for  a  mine  once  worked  in  sec.  28,  T.  2  S.,  R.  49  E. ,  where  it 
was  6.2  feet  (1.9  m)  thick  (Plate  17;  Bryson,  1951,  p.  76,  84). 

Local  Bed  L4  Above  the  Sawyer  Bed 

A  local  coalbed  (L4)  is  185-200  feet  (56-61  m)  above  the  Sawyer  in  the 
southwest  part  of  T.  3  S.,  R.  49  E.  (Plate  17).   It  is  about  1-2.5  feet 
(0.3-0.8  m)  thick. 

Stump  Bed 

The  Stump  Coalbed  is  250-300  feet  (73-92  m)  above  the  Sawyer  (Plate  17). 
It  is  usually  2-3  feet  (0.6-0.9  m)  thick  and  somewhat  shaly,  but  it  is 
distinctive  because  nearly  everywhere  it  contains  silicified,  partly 
carbonized  tree  stumps  in  growing  position.   It  was  correlated  tentatively 
with  the  C  bed  in  the  Ashland  field  (Bryson,  1951,  P.  76a). 

Local  Bed  L5  Below  the  Pawnee  Bed 

In  the  southwest  corner  of  the  study  site,  a  local  coalbed  (L5)  occurs 

about  250  feet  (76  m)  above  the  Sawyer  and  120-130  feet  (38-40  m)  below 

the  Pawnee  (Plate  17).   It  is  2-3  feet  (0.6-0.9  m)  thick  and  may  equal 
the  Stump  Coalbed. 

X  Bed 

The  X  bed  is  about  55-80  feet  (17-24  m)  above  the  Stump  Coalbed  and 
about  300  feet  (91  m)  above  the  Sawyer  (Plate  17).   Bed  X  has  burned  to 
form  a  20-foot-thick  (6. 1-meter-thick)  clinker.   The  clinker  remains 
only  in  sec.  34,  T.  2  S. ,  R.  49  E.,  the  highest  part  of  the  divide 
between  Pumpkin  Creek  and  Mizpah  Creek.   Bryson  tentatively  correlated 
it  with  the  X  Bed  in  the  Ashland  field  (1951,  p.  77). 

Local  Bed  L6  Below  the  Pawnee  Bed 

Another  local  coalbed,  L6,  2-3  feet  (0.6-0.9  m)  thick,  occurs  locally  in 

the  southwest  corner  of  the  study  area  (Plate  17).   It  is  about  300  feet 

(91  m)  above  the  Sawyer  and  70-90  feet  (21-27  m)  below  the  Pawnee  on 
Two  Tree  Butte. 

Pawnee  Bed 

The  highest  coalbed  in  the  study  site  is  the  Pawnee.   It  is  represented 
by  the  clinker  on  Two  Tree  Butte  (Plate  17).   No  unburned  sections  could 
be  measured. 
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Estimation  and  Classification  of  Coal  Resources 

Coal  resource  estimates  have  been  prepared  for  the  Coalbeds  A,  Sawyer, 
and  Mackin-Walker  in  the  vicinity  oT   the  Pumpkin  Creek  EMRIA  Study  Site 
as  summarized  by  Tables  3  and  4  using  standard  procedures,  definitions, 
and  criteria  established  by  the  U.S.  Geological  Survey  and  U.S.  Bureau 
of  Mines  for  making  coal  resource  appraisals  in  the  United  States.   The 
term  "coal  resources"  as  used  in  this  report  means  the  estimated  quantity 
of  coal  in  the  ground  in  such  form  that  economic  extraction  is  currently 
or  potentially  feasible. 

The  resources  in  the  study  area  are  classed  as  measured,  indicated,  and 
inferred  according  to  the  degree  of  geologic  assurance  of  the  estimate. 
The  areas  of  the  various  classified  resources  are  shown  on  the  structure 
and  resources  map  for  each  coalbed  evaluated  (Plates  18,  19,  and  20, 
Appendix  C) . 

Measured  Resources 

Resources  are  computed  from  dimensions  revealed  in  outcrops,  trenches, 
mine  workings,  and  drill  holes.   The  points  of  observation  and  measurement 
are  so  closely  spaced  and  the  thickness  and  extent  of  coals  are  so  well 
defined  that  the  tonnage  is  judged  to  be  accurate  within  20  percent  of 
true  tonnage.   Although  the  spacing  of  the  points  of  observation  necessary 
to  demonstrate  continuity  of  the  coal  differs  from  region  to  region 
according  to  the  character  of  the  coalbeds,  the  points  of  observation  are 
no  greater  than  1/2  mile  (0.8  km)  apart.   Measured  coal  is  projected  to 
extend  as  a  1/4  mile  (0.4  km)  wide  belt  from  the  outcrop  or  points  of 
observation  or  measurement. 

Indicated  Resources 

Resources  are  computed  partly  from  specific  measurements  and  partly  from 
projections  of  visible  data  for  a  reasonable  distance  on  the  basis  of 
geologic  evidence.   The  points  of  observation  are  1/2  (0.8  km)  to 
1-1/2  miles  (2.4  km)  apart.   Indicated  coal  is  projected  to  extend  as  a 
1/2  mile  (0.8  km)  wide  belt  that  lies  more  than  1/4  mile  (0.4  km)  from 
the  outcrop  or  points  of  observation  or  measurement. 

Inferred  Resources 

Quantitative  estimates  are  based  largely  on  broad  knowledge  of  the 
geologic  character  of  the  bed  or  region,  because  few  measurements  of 
bed  thickness  are  available.   The  estimates  are  based  primarily  on  an 
assumed  continuation  from  measured  and  indicated  coal  for  which  geologic 
evidence  exists.   The  points  of  observation  are  1-1/2  (2.4  km)  to  6  miles 
(9.6  km)  apart.   Inferred  coal  is  projected  to  extend  as  a  2-1/4  mile 
(3.6  km)  wide  belt  that  lies  more  than  3/4  mile  (1.2  km)  from  the  outcrop 
or  points  of  observation  or  measurement. 
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All  of  the  estimated  resources  in  beds  thicker  than  5  feet  (1.5  m)  and  at 
depths  of  1000  feet  (305  m)  or  less  fall  into  a  category  called  reserve 
base,  which  is  defined  as  that  portion  of  the  identified  coal  resource 
from  which  reserves  are  calculated.   Reserves  are  that  portion  of  the 
identified  coal  resource  that  can  be  economically  mined  at  the  time  of 
determination.   The  reserve  is  derived  by  applying  a  recovery  factor  to 
that  component  of  the  identified  coal  resource  designated  as  the  reserve 
base.   On  a  national  basis,  the  estimated  recovery  factor  for  the  total 
reserve  base  is  50  percent.   More  precise  recovery  factors  can  be  computed 
by  determining  the  total  coal  in  place  and  the  total  coal  recoverable  in 
any  specific  locale. 

Characteristics  Used  in  Resource  Evaluation 

The  coal  characteristics  that  are  commonly  used  in  classifying  coal  resources 
are  the  rank,  grade,  and  weight  of  the  coal;  the  thickness  of  the  coalbeds; 
and  the  thickness  of  the  overburden.   Rank  and  grade  are  discussed  in 
Appendix  C. 

Weight 

The  weight  of  the  coal  ranges  considerably  with  differences  in  rank  and  ash 
content.  In  areas  such  as  Pumpkin  Creek,  where  true  specific  gravities  of 
the  coal  have  not  been  determined,  an  average  specific  gravity  value  based 
on  many  determinations  in  other  areas  is  used  to  express  the  weight  of  the 
coal  for  resource  calculations.  The  average  weight  of  lignite  is  taken  as 
1750  tons  per  acre-foot  -  a  specific  gravity  of  1.29. 

Thickness  of  Beds 

Because  of  the  important  relationship  of  coalbed  thickness  to  utilization 
potential,  most  coal  resource  estimates  prepared  by  the  U.S.  Geological 
Survey  are  tabulated  according  to  three  thickness  categories.   Because  the 
coal  evaluated  in  this  report  is  so  close  to  the  subbituminous-lignite 
division  of  rank,  the  thickness  categories  used  are  intermediate  -  5  to 
10  feet  (1.5  to  3  m)  ,•  and  thick  -  more  than  10  feet  (3  m) .   Resources  in 
beds  thinner  than  5  feet  were  not  estimated.   About  2.5  percent  of  the 
estimated  resources  of  the  study  site  is  in  the  intermediate  category  and 
about  97.5  percent  is  in  the  thick  category.   By  way  of  comparison,  Averitt 
(1975,  Fig.  5  and  p.  37)  showed  the  distribution  of  the  estimated  resources 
of  21  States  as  25  percent  in  the  intermediate  category  and  33  percent  in 
the  thick  category. 

Thickness  of  Overburden 

All  of  the  estimated  lignite  resources  in  the  Pumpkin  Creek  EMRIA  site  are 
overlain  by  1,000  feet  (305  m)  or  less  of  overburden  (Table  3).   Resources 
with  less  than  200  feet  of  overburden  are  shown  on  Table  4.   No  resources 
were  calculated  for  coalbeds  below  Coalbed  A. 
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Summary  of  Resources 

Total  estimated  identified  original_resources  in  the  Pumpkin  Creek  EMRIA 
site  are  1,583,010,000  short  tons  (1,437,056,478  metric  tons).   The  coalbed 
thickness  class  of  5-10  feet  (1.5-3  m)  contains  39,270,000  short  tons 
(1,402,950,172  metric  tons)  of  estimated  resources.   Maximum  measured 
thickness  of  the  Sawyer  Coalbed  is  34  feet,  split  by  a  0.9-foot  (0.3  m) 
parting  near  the  middle  (Plate  21,  Appendix  C,  hole  77-107). 

The  estimated  resources  presented  in  this  report  are  original  resources, 
that  is,  resources  in  the  ground  before  the  beginning  of  mining  operations. 
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OVERBURDEN  -  SOIL  AND  BEDROCK 

Principal  Soil  Bodies 

Soils  of  the  Pumpkin  Creek  Study  Area  can  be  grouped  into  three  major 
categories  based  on  their  parent  material  and  landform  position.   These 
are:   (1)  Residual  soils  developing  over  weathered  shale  or  sandstone 
which  occupy  ridges,  buttes,  and  gentle  to  steep  sideslopes,  (2)  transported 
(alluvial/colluvial)  soils  forming  over  mixed  deposits  of  soil  material 
and  rock  fragments  on  fans,  footslopes,  and  in  swales,  and  (3)  alluvial 
valley  floor  soils  developing  over  deep  water-lain  deposits  on  nearly 
level  bottomlands  adjacent  to  major  tributary  drainages.   Short  and  mid- 
grass  vegetation  is  dominant  on  these  soil  groups. 

Residual  Soils 

Residual  soils  occupy  about  78  percent  of  the  study  area.   They  have 
developed  primarily  from  interbedded  shale  and  sandstone  of  the  Fort 
Union  Formation  (Tongue  River  Member).   In  general,  the  physical  and 
chemical  properties  of  these  soils  correlate  closely  with  those  of  the 
parent  material. 

The  solum  (A  and  B  horizons)  of  these  soils  is  usually  less  than  20  inches 
in  depth.   Soil  textures  are  predominantly  medium  to  moderately  fine 
throughout  the  profiles.   The  A  and  B  horizons  are  commonly  brown  to 
dark  grayish  brown  (moist) ,  whereas  the  C  horizons  are  typically  pale 
brown  to  yellowish  brown  (moist) .   The  permeability  rate  (hydraulic 
conductivity)  of  the  A  and  B  horizons  is  generally  moderately  slow  to 
slow;  in  the  C  horizons,  it  ranges  from  moderate  to  very  slow  depending 
on  the  nature  of  the  parent  material,  i.e.,  moderate  through  sandstone 
and  slow  to  very  slow  through  shale. 

These  soils  are  generally  calcareous  and  slightly  to  moderately  saline 
throughout  their  profiles.   Locally,  these  soils  are  also  sodic. 

Point  site  soil  profiles  representative  of  the  residual  soils  in  this 
study  area  are  described  in  Tables  15  through  19,  Appendix  D. 

Transported  (Alluvial/Colluvial)  Soils 

Transported  soils  comprise  approximately  17  percent  of  the  study  area. 
They  have  developed  over  loamy  alluvial/colluvial  deposits  which  have 
accumulated  through  soil  creep,  slides,  and  local  wash.   Slopes  are 
mostly  gentle  to  moderate  on  the  fans,  footslopes,  and  swales  occupied 
by  these  soils. 

In  general,  these  soils  are  moderately  deep  to  deep  over  weathered  shale 
or  sandstone.   Textures  range  from  medium  to  fine  depending  on  the 
nature  of  the  deposits.   Colors  are  typically  brown  to  very  dark  grayish 
brown  (moist)  in  the  A  and  B  horizons  and  brown  or  yellowish  brown  to 
light  gray  (moist)  in  the  C  horizons. 
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The  hydraulic  conductivity  rate  in  the  A  and  B  horizons  is  generally 
slow  to  very  slow;  in  the  C  horizons,  it  ranges  from  moderately  slow  to 
slow  depending  on  the  nature  of  the  deposits  and  substratum. 

The  A  and  upper  B  horizons  of  most  of  these  soils  are  slightly  calcareous, 
whereas,  the  lower  B  and  upper  C  horizons  are  strongly  calcareous.   Most 
of  these  soils  are  slightly  to  moderately  saline  with  the  concentration 
of  soluble  salts  typically  reaching  a  maximum  between  60  and  84  inches 
in  depth.   Moderately  high  to  high  levels  of  exchangeable  sodium  were 
found  in  some  profiles,  primarily  in  the  subsurface  (B  and/or  C)  horizons. 
Tables  20  and  21,  Appendix  D,  describe  typical  profiles  of  transported 
soils  in  this  study  area. 

Alluvial  Valley  Floor  Soils 

Alluvial  Valley  Floor  soils  represent  about  5  percent  of  the  study  area. 
They  have  developed  over  deep,  loamy  alluvium  derived  primarily  from 
shale  and  sandstone.   These  soils  occupy  nearly  level  bottomlands  adjacent 
to  major  tributary  drainages. 

These  soils  are  deep.   Textures  range  from  medium  to  fine,  with  interspersed 
coarse  lenses  being  common.   The  A  and  B  horizons  are  generally  brown 
(moist) ,  whereas  colors  in  the  C  horizons  vary  widely  depending  on  the 
nature  of  the  deposits. 

The  A  and  B  horizons  are  usually  moderately  slowly  permeable;  the  rate 
of  moisture  movement  through  the  C  horizons  ranges  from  moderately  slow 
to  very  slow  depending  primarily  on  texture. 

Generally,  the  A  and  B  horizons  are  noncalcareous  or  slightly  calcareous. 
The  C  horizons  are  strongly  calcareous.   These  soils  are  typically  non- 
saline  to  a  depth  of  24  to  36  inches.   Below  this,  they  are  often  slightly 
tOiinoderately  saline.   Most  of  these  soils  are  nonsodic.   However,  small 
areas  of  sodic  alluvial  valley  floor  soils  occur  locally  in  this  study 
area,  most  likely  associated  with  saline  seeps.   These  areas  are  charac- 
terized by  micro  depression  "slick  spots"  which  may  be  void  of  vegetation. 

Representative  profiles  of  alluvial  valley  floor  soils  in  this  study 
area  are  described  in  Tables  22  and  23,  Appendix  D. 

Land  Suitability  Survey 

A  semidetailed  land  suitability  survey  of  the  Pumpkin  Creek  Study  Area 
was  made  to  evaluate  and  characterize  the  overburden  (includes  soil  and 
bedrock)  JV  as  a  source  of  material  for  resurfacing  and  revegetating  the 
area  if  it  is  surface-mined.   This  survey  provides  data  on  the  quantity 
and  quality  of  material  for  revegetation,  ease  of  stripping  and  stockpiling 
the  usable  material,  and  other  factors  which  affect  the  land's  suitability 


1/   A  glossary  defining  terms  is  included  in  Exhibit  4,  Appendix  D. 
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for  revegetation.   Basic  data  on  the  physical  and  chemical  properties  of 
the  natural  soil  bodies  and  bedrock  materials  are  also  provided  by  this 
survey. 

Land  suitability  specifications,  shown  on  Table  24,  were  developed  to 
establish  classes  for  the  specific  use  proposed,  i.e.,  as  a  source  of 
material  for  revegetation  of  surface-mined  lands.   Four  land  classes: 
1,  2,  3,  and  6  were  developed.   These  correspond  to  classes  in  the 
Bureau  of  Reclamation  land  classification  system. 

Factors  included  in  the  specifications  for  quality  consideration  were: 
texture,  salinity,  sodicity,  hydraulic  conductivity,  percent  stones 
(>  3  inches),  erodibility,  and  available  water  holding  capacity.   Quantity 
considerations  were  based  primarily  on  the  depth  of  the  material.   Other 
factors  influencing  the  ease  with  which  suitable  material  could  be 
selectively  stripped  and  stockpiled  were  also  considered.   These  included 
hard  bedrock  exposures  (outcrops)  and  steep,  rough,  or  complex  slopes. 

Class  1  lands  provide  the  most  desirable  and  plentiful  source  of  soil 
material  for  revegetation.   An  abundant  supply  of  highly  suitable 
material,  which  is  easily  stripped  and  stockpiled,  will  be  available 
from  this  land  class.   In  addition  to  having  an  adequate  amount  of 
suitable  material  for  reclaiming  the  immediate  area,  Class  1  lands  can 
probably  provide  borrow  material  for  topdressing  areas  with  insufficient 
suitable  material.   Class  2  lands  contain  an  adequate  supply  of  resurfacing 
material  to  revegetate  the  immediate  area;  however,  this  material  is 
slightly  less  desirable  in  quality  or  somewhat  more  difficult  to  strip 
and  stockpile  than  the  material  on  Class  1  lands.   Class  3  lands  are 
similar  to  those  in  Class  2,  except  the  deficiencies  are  more  pronounced 
or  a  combination  of  deficiencies  exists.   Land  in  this  class  is  marginally 
suitable  for  revegetation  but,  through  utilization  of  good  stripping  and 
stockpiling  procedures,  the  requirements  for  planting  media  can  generally 
be  met.   Class  6  lands  lack  adequate  quantities  of  suitable  material  to 
meet  the  needs  for  revegetation.   If  these  lands  are  disturbed  by  surface 
mining,  it  will  be  necessary  to  borrow  material  from  Class  1  or  2  lands 
or  modify  the  material  available  for  revegetation  through  leaching, 
addition  of  chemical  amendments,  etc. 

Table  25  expands  the  preceding  summary  description  of  the  land  classes 
and  describes  the  significant  characteristics  of  the  major  land  classes 
and  subclasses. 

The  land  suitability  survey  was  accomplished  using  Bureau  of  Reclamation 
methods  and  procedures.   Field  mapping  was  done  on  aerial  photographs 
with  a  scale  of  1:12,000.   Topographic  drawings  at  a  scale  of  1:24,000 
with  20-foot  contour  intervals  were  used  for  reference.   An  Abney  hand 
level  was  used  to  supplement  the  slope  data  on  the  topographic  drawings. 

Representative  (Point  Site)  soil  profiles  typical  of  extensive  areas  of 
Class  1,  2,  3,  and  6  lands  were  described,  sampled,  and  analyzed  in 
detail.   Additional  profiles  were  recorded  in  the  heterogeneous  soil 
areas  to  show  variations  within  the  delineated  areas.   This  information 
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was  supplemented  by  nonrecorded  profile  examinations  as  required. 
Nonrecorded  profiles  are  typically  located  in  transitional  areas  between 
soil  types  to  more  accurately  locate  boundaries. 

In  the  field  appraisal,  the  top  16  inches  of  the  soil  profiles  were 
exposed  with  a  tile  spade.   A  hand  auger  or  hydraulic  coring  machine  was 
then  used  to  penetrate  the  overburden  to  a  depth  of  10  feet  unless  hard 
bedrock  was  encountered.   Soil  structure,  texture,  consistence,  color, 
and  other  observable  features  of  the  exposed  profile  such  as  salinity, 
sodicity,  and  root  distributions  were  recorded.   Lime  content  was  checked 
with  dilute  hydrochloric  acid.   Samples  were  collected  from  many  of  the 
exposed  profiles.   Evaluation  of  the  soil  material  for  hydraulic  con- 
ductivity and  available  water  holding  capacity  in  relation  to  the  reclaimed 
profile  was  a  major  consideration  in  the  field  evaluation.   Using  these 
basic  soil  evaluations  along  with  observations  of  other  land  features 
such  as  surface  stones,  exposed  hard  bedrock,  and  slope,  a  land  suitability 
class  was  tentatively  assigned  each  delineated  area  while  in  the  field. 
The  suitability  classes,  when  finalized,  were  recorded  on  land  classification 
maps,  Plates  24  through  32. 

A  soil  laboratory  was  used  in  connection  with  the  land  suitability  survey 
and  screenable  tests  were  performed  on  all  soil  samples.   These  tests 
included  disturbed  hydraulic  conductivity,  salinity,  pH,  15-bar  moisture 
retention,  and  settling  volume.   More  detailed  soil  analyses  were  then 
made  as  required.   Exhibit  1,  Appendix  D  describes  the  screenable  testing 
procedures  used  in  the  laboratory. 

Complete  soil  analyses  were  performed  on  all  samples  from  Point  Site 
profiles  representative  of  the  major  soil  categories  for  the  land  suit- 
ability survey.   The  analyses  listed  in  Exhibit  2,  Appendix  D  were 
performed  as  needed  for  proper  overburden  evaluation. 

Results  of  Land  Suitability  Survey 

The  results  of  the  land  suitability  survey  are  presented  on  semidetailed 
drawings,  Plates  24  through  32,  which  show  the  areal  distribution  of  the 
various  land  classes,  soil  deficiencies,  topographic  deficiencies,  profile 
notes  of  soil  borings,  and  the  results  of  selected  laboratory  analyses. 
This  information  is  also  summarized  on  Plates  33  through  40. 

Plates  33  through  36  describe  the  location  and  depth  of  topsoiling  material 
that  is  suitable  for  surface  placement  in  reconstructed  profiles.   Plates  37 
through  40  indicate  the  location  and  quality  of  material  that  is  suitable 
for  subsurface  placement  below  the  primary  plant  rooting  zone. 

Table  26  lists  the  acreage  of  each  land  class  occurring  in  the  study  area. 
The  results  in  this  table  indicate  that  64.5  percent  of  the  land  in  the 
Pumpkin  Creek  Study  Area  contains  an  adequate  supply  of  suitable  overburden 
(soil  and/or  bedrock  to  a  depth  of  10  feet)  for  revegetation.   This  includes 
Class  1,  2,  and  3  lands.   The  remaining  35.5  percent  of  the  study  area, 
designated  as  Class  6,  will  require  borrowed  material  from  Class  1  or  2 
lands  or  modification  of  the  available  material  in  order  to  provide  adequate 
plant  media  for  revegetation. 
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was  supplemented  by  nonrecorded  profile  examinations  as  required. 
Nonrecorded  profiles  are  typically  located  in  transitional  areas  between 
soil  types  to  more  accurately  locate  boundaries. 

In  the  field  appraisal,  the  top  16  inches  of  the  soil  profiles  were 
exposed  with  a  tile  spade.   A  hand  auger  or  hydraulic  coring  machine  was 
then  used  to  penetrate  the  overburden  to  a  depth  of  10  feet  unless  hard 
bedrock  was  encountered.   Soil  structure,  texture,  consistence,  color, 
and  other  observable  features  of  the  exposed  profile  such  as  salinity, 
sodicity,  and  root  distributions  were  recorded.   Lime  content  was  checked 
with  dilute  hydrochloric  acid.   Samples  were  collected  from  many  of  the 
exposed  profiles.   Evaluation  of  the  soil  material  for  hydraulic  con- 
ductivity and  available  water  holding  capacity  in  relation  to  the  reclaimed 
profile  was  a  major  consideration  in  the  field  evaluation.   Using  these 
basic  soil  evaluations  along  with  observations  of  other  land  features 
such  as  surface  stones,  exposed  hard  bedrock,  and  slope,  a  land  suitability 
class  was  tentatively  assigned  each  delineated  area  while  in  the  field. 
The  suitability  classes,  when  finalized,  were  recorded  on  land  classification 
maps,  Plates  24  through  32. 

A  soil  laboratory  was  used  in  connection  with  the  land  suitability  survey 
and  screenable  tests  were  performed  on  all  soil  samples.   These  tests 
included  disturbed  hydraulic  conductivity,  salinity,  pH,  15-bar  moisture 
retention,  and  settling  volume.   More  detailed  soil  analyses  were  then 
made  as  required.   Exhibit  1,  Appendix  D  describes  the  screenable  testing 
procedures  used  in  the  laboratory. 

Complete  soil  analyses  were  performed  on  all  samples  from  Point  Site 
profiles  representative  of  the  major  soil  categories  for  the  land  suit- 
ability survey.   The  analyses  listed  in  Exhibit  2,  Appendix  D  were 
performed  as  needed  for  proper  overburden  evaluation. 

Results  of  Land  Suitability  Survey 

The  results  of  the  land  suitability  survey  are  presented  on  semidetailed 
drawings,  Plates  24  through  32,  which  show  the  areal  distribution  of  the 
various  land  classes,  soil  deficiencies,  topographic  deficiencies,  profile 
notes  of  soil  borings,  and  the  results  of  selected  laboratory  analyses. 
This  information  is  also  summarized  on  Plates  33  through  40. 

Plates  33  through  36  describe  the  location  and  depth  of  topsoiling  material 
that  is  suitable  for  surface  placement  in  reconstructed  profiles.   Plates  37 
through  40  indicate  the  location  and  quality  of  material  that  is  suitable 
for  subsurface  placement  below  the  primary  plant  rooting  zone. 

Table  26  lists  the  acreage  of  each  land  class  occurring  in  the  study  area. 
The  results  in  this  table  indicate  that  64.5  percent  of  the  land  in  the 
Pumpkin  Creek  Study  Area  contains  an  adequate  supply  of  suitable  overburden 
(soil  and/or  bedrock  to  a  depth  of  10  feet)  for  revegetation.   This  includes 
Class  1,  2,  and  3  lands.   The  remaining  35.5  percent  of  the  study  area, 
designated  as  Class  6,  will  require  borrowed  material  from  Class  1  or  2 
lands  or  modification  of  the  available  material  in  order  to  provide  adequate 
plant  media  for  revegetation. 
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.    shale.      Influence  frm 

1    baked   shale  at   78"*. 


®- 


® 


12-42"  acceptable  for 


irface 


42". 


*. 


for  subsurface;   2-4% 

complex  gentle  swale.     -tit  SJ££  — — j 

8-3S%  complex  slopes  r — - 
in  area.  SiCL  AB  \-L^ 
0-2"  SLA,  2-6"  | 

SiCL  AB,   6-12"  SiCL     ^ 
B2   (i»2  pr/m2  bk);  ^  -£ 

12"*  Cca.  Areas  with  ^* 
less  than  6"  occur  " 

slopes  and  crests. 
Burned  rock  outcrops 
in  area. 

800'  W  350'   S  of  VL\ 
cor. ,  0-6"  preferred 
for  surface  use;    6-30" 
acceptable   for  surface 
'  uee.      4-8%  complex 
side  slope  with  sandy  " 


Q^"1 


shale   influ 


■  0-2" 


ffl 


„,.17?5  18-120"  acceptable 


SiLA.      2-6"  SiCL  82 
(ml  pr/mfl  bk)   6-11" 
B3ca.      U"+  Cca. 
Semi-consolidated  sandy  _& 
shale  30-42".      Surface 
18"  reddish-brown 


1300'   W  1000'   N  of  EL 
cor. ,  0-1B"  preferred 


GU 


6-12%  comple 

side 

slopes.      Isolated 

slick   spots 

n  area. 

Profile  bett 

r  than 

average.      0- 

"  SiL  A 

2-9"  SiL  B21 

(ml  pr/ 

ml  bk),   9-14 

CL  B22 

(cl   pr/c-ml 

k) 

14-24"   B3ca. 

24"+ 

Cca.      Oxl diz 

d  sandy 

shale  30-66" 

Iron 

strataficatl 

ns    66"+ 

400'   W  of  EL 

cor.. 

0-18"  preferred   for 

surface   use; 

18-36" 

acceptable   for  sur- 

face use.      6 

12%   com 

plex   side  slope  belo 

.<& 


®- 


1000'    S,    900'    W   of   E^ 
cor.,  0-12"  preferred 


12-120"  acceptable 


for 


irfaci 


as 


2-4%  complex  si 
into  a  swale;   colluvial 
soil.      AIC  calcareous 
silty  profile  becom- 
ing  sandier  stratafied 
at  10B"+. 


<a 


for  t 


rfac 


i 


6-60"  acceptable  for 
surface  use;    60-108" 
use   for  subsurface. 
6-15%  complex   side 
slope  with  sandy  shale 
and  sandstone  outcrops. 
A/C  profile  0-6"  pSL 
AB.  ,   6"*  Cca.      Oxi- 
dized sandy  shale 
fl  12"+  11. 


"V 


1100'    S,  400'   W  of  HE 

(3) 

lis 

1100'   W,  300'  S  of  e!j 

cor, ,  0-12"  preferred 

cor.,  0-12"  preferred      ( 

for  surface  use; 

** 

for  surface  use; 

12-120"  acceptable 

" 

n,± 

•' 

12-36"  acceptable   for 

for  surface  use;    6-10% 

.* 

- 

.« 

surface  use;    36-120" 

complex  side  slope 

use  for  subsurface. 

with  slopes  to  20% 

./• 

>  > 

4-6%   complex   collu-           - 

in  area.     0-2"  SIL  A, 

" 

'  " 

vial  steep  slope  below 

2-4"  SiL  AB.      4-14" 

-r 

it 

sandy  shale  crests 

SiCL  B21    (m2  pr/ 

- 

with  sandstone.     0-2" 

m-R   !bk)  14-18"  SiCL 

SIL  Aj,   2-4"  SiCL  BA, 

B3  ca.      18"  +  Cca. 

'-. 

i.n 

Is. 

4-18"  B  ca,     18"+  C.        _ 

Stratafied  oxidized 

Lime  concentrated    tn 

shale  with  iron  48"+. 

surface   54".      Some 

Profile  considered 

~>* 

i.Ci. 

lime  throughout 

better  than  average 

profile. 

for  area.      Depth  of 

"•/•«-               3"* 

soil   mantle  varies 

,-^ 

it-    t*          a, 

from  6  to  18". 

(*) 

H6 

1050'    E,  900'    N  of 

Sec.    24,   T.    2S,  R.    49E 

%\  cor. ,  0-12"  pre- 

500'  S,  400'   E  of  WW 

1 

ferred  surface  use; 

cor.,  0-6"  preferred 

-£- 

IV 

12-42"  acceptable  for 

for  surface  use; 

„ 

+? 

surface  use;    42-120" 

6-36"  acceptable   for 

»* 

'* 

use  for  subsurface. 

surface  use;    36-120"    v 

use   for  subsurface;      ^ 

Bench  remnant  with 

4-8%  slopes;    0-2"  SiL  A, 

8-15%  complex  side         J 

1~r- 

tt 

2-12"+  SiCL  B2 

slope,   shallow  to           •$ 
sandy  shales.     0-3"      i 

'■' 

-»* 

*(m2  pr/m2  bk);   12-15" 

t  . 

SiCL  B3ca;   1S"+  Cca. 

CL.    AB.      3-7"  SiCL 

'■ 

" 

Iron  stained  sandy 

93ca.      7"+  Cca.    with 

if 

fl 

shales  to  66".     Gray 

soft  shales  fa  12"+. 

-. 

SltL 

ti 

oxidized  sandy  shales 

Well   oxidized  gray 

at   66"+.      Profile 

sandy  shales  with  weak 

better  than  average 

ferrous  and  dark 

for  area. 

clayey  shale  lnfluencec 

%Z-  V  \Y*%  7? 

at  36"+.      36-60"  salt 

crystals. 

^-n        Hi 

600'   N,  100'  H  of  SE 

\7  ) 

cor. ,  0-12"  preferred 

1150'   S,   S50'   W  of  N!j 

-ffl  t-  ^Kr 

for  surface  use;    12-30" 

cor. ,  0-12"  preferred 

.1     ~   " 

acceptable  for  surface 

for  surface  use; 

»#U«"-J  %» 

use;    30"+  use  below 

12-84"  acceptable  for 

^ 

root   zone.      6-15%  com- 

surface use.      8-15% 

plex  side  slopes  with 

complex  side  slope 

moderately  deep  soil 

considerable  rock 

in  the  located  swales 

material   on  the  sur- 

below crests  of  baked 

face.      Organic  in- 

rock.     Burned  clinkers 

fluence  to  12".      Stron 

on  side  slopes.   Some 

surface  materials  loose 

gravel  with  lime  coating 

structure,  weak  to 

Less  than  6"  soil  on 

moderate  reddish- 

crests  and  side  slopes. 

brown  color.      Semi- 

Profile  represents   foot 

consolidated  reddish- 

slope. 

brown  shales  30-66". 

Otf*-                 50# 

to 

1600'    N,  2S0'  W  of  S|| 

1000'   W,   300'    S  of  NX 

®U 

cor. ,  0-24"  preferred 
for  surface  use;    24-66"< 

cor. ,  0-12"  preferred 

-ill 

ct 

acceptable   for  surface 

for  surface  use; 
12-120"  acceptable   for 

use.      4-6%  complex  col- 
luvial  soil  below 

surface  use.      6-10% 

Ti 

shallow   to  very 

side  slopes  with  slope 

■* 

shallow.      8-35%  side 

up  to  1S%;   0-2"  SiL  A. 

.,.  L 

h  i 

slopes  with  baked  rock 

Weak   medium  pusinalic- 

and  clinker  boulders. 

blocky  noncalcareous 

0-6"  AB  (f2  bk).      6-24" 

>  B  horizon  to  6".      6.9" 

B2  (ml  bk).      Q  24"+. 

SiCL  B3ca.      Salt 

Gravelly  baked  material 

accumulations  30-42". 

throughout  profile 

az.*.-*i"i  */,' 

giving  very  porous 

"'*  ■******- 

profile   with   weakly 

1050'   W,  1050'    S  of  ME 

developed  aggregation. 

cor.,  0-12"  preferred 

Area   is   shallow  to  bed 

for  surface  use;    12-72 

rock. 

acceptable    for  surface 

use;   72-120"  use  below 

f^\         •» 

B50'    E,   5S0'   N  of  W^ 

root  zone.      Bench 

c? 

r-n 

cor. ,  0-12"  preferred 

remnant  with  2-4% 

'• 

T.ci. 

,; 

for  surface  use;    12-30" 

complex  slope;   0-2" 

^t 

acceptable  for  surface 

L  A,   (old  Ap7"). 

2-12"  SiL  B2   (m2  pr/    * 

subsurface.      4-6%  com- 

m2 bk);   12-24"  SiL 

.; 

plex  side  slope  below 

*  B3ca.      Cca   24"+.             J 

sandv  shale  and  sand- 

Strongly calcareous 

*( 

L 

1 

stone  outcrop  of  8-35%. 

silty  profile  with 

Salt   crystals  at   30^. 

f  iron  influence  at 

Terrous   influence  at 

72"+.      Sandy  shales 

— JJ 

■>.£ 

rf 

96"+.     A/C  profile 

over  weathered  shale 

V  »*   **    *<  >** 

at  12"+.      Shallow  to 

°J£t  1!  «  '«  - 

shales  throughout  area. 

»*.".'  -"  "  "  ■ 

Profile  better  than 

<§) 


oil 


••) 


-=    -     Mn 


@. 


850'  W,    550'    N  of  SV, 
cor.,  0-12"  preferred 
for  surface  use; 
12-120"  acceptable   for 
surface  use.      2-4% 
complex  colluvial 
below  baked  rock  a 

0-2"  SIL  Aj   (C2pl) 
2-6"  SICL  BA   (cl  pr/ 
m2  bk);    (old  Ap  0  "" 
7-11"  SiCL+82 
(m2  pr/m-f2  bk); 
11-18"  SiCL+B3ca 
(m2  pr/m2  bk) 
18"+  Cca.      Line 
nettings  prominent 
18-42". 

200'    N,    50*  W  of  EV, 
cor, ,  0-12"  preferred 
for  surface  use; 
12-30"  acceptable   for 
surface  use;    30-120" 
use   for  subsurface. 
2-4%   complex   bench 
remnant.      0-4"  SiCL 
'    AB;   4-11"  Bj 
(ml   pr/mb  bk); 
11-15"  B3ca;    15"+  Cca. 
Sodium  influence   in 
the  area.     Sandy 
shales     30"+. 

1600'    E,   400'   S  of  W>, 
cor. ,  0-12"  preferred 
for  surface  use; 
12-84"  acceptable   for 
surface  use.      2-6% 
complex  colluvial 
foot  slope;   0-5"  CL 
'    AB(Ap);    5-9"  CL-B2t 
(m2  pr/m2  bk); 


)-U" 
clink 


fragments 

ig  loose  develop- 

(ml   pr/m2   bk). 


fragment   influ 
at   54"+. 

DVM.      7.S     Zi. 


SOIL  PROFILE    NOTES 

PROFILE     REPRESENTS    5'  DEPTH 


©■ 


LAND     CLASSIFICATION     SYMBOLS 
LAND  CLASS 


CONVENTIONAL     ANO    SPECIAL    MAP     SYMBOLS 


STRUCTURE  ABREVIATIONS 
Siio 


NO 

FEATURES 

c 

Slonoul 

X 

Cloy  spol 

Gro.eilj  ipo 

0 

CumOo,  jlith 

= 

Oumps    ond 

V 

Rot*  ouieo 

V 

Boked  rock 

1» 

Slide  o'  1I1 

prismatic    . 

.pr 

columnar   .. 

blocky   

.bk 

angular  bio 

:ky 

.abk 

sub angular 

ilocky    . 

bk 

granular   .. 

•  Bf 

crurr.b    

.cr 

Single   grai 

.sg 

MISCELLANEOUS 

AB 

EVIATI0KS 

calcic   liori 

on 

.  C  rj 

sooiura  ad  so 

-pa 

ion- 

atio 

INFORMATIVE        SYMBOLS 
0VER8URDEN       DEFICIENCIES 


0  Sodicily 

s  Salinity 

h  Cloy  Ivery  fine  texture) 

v  Coarse  (very   sandy  texture) 

p  Restricted   permeability 

q  Available  moisture  capacity 

d  Oepth  of  sultoble  overburden 

x  Stoniness 

TOPOGRAPHIC      DEFICIENCIES 
q     Slope  (including  gradient 

and  complexity) 
r     Induroted   sandstone,  shale, 

or   baked   rock 
c     Cover 


NATER    FEATURES 
-i-     Marsh  or  %m 
CK      Sprinq 


X     G.o.el 
V     M,ne 
DAMS 


SECTION  14,22,24,  T  2  S  -R  49  E 


RESOURCE  6  ' 


SEMI-DETAILED  LAND  CLASSIFICATION 


R£COMMENDED__ 


I  1305-600-222 


Plate  26 


-fm2  pr/m2  bkl; 
14-24"   StCL-Bjca; 
24"*   Cert.      Sodium 
influenceH  Rfl  horizon 
at   24"*.      Salt  accu- 
mulations  at   60"+,  ^-p. 


lonn1  r,  2on'  <;  of  ] 

NW   cor.,   n-6"   pre-   ;    -J}f- 

ferred   for  surface  fi 

use;    6-24"  acceptable 
tor  surface  use; 
24-120"  use   for  suh- 


J3_ 


lib. 


surface.    B-3S5:  complex  Tt  „'.  sn."rrn 
Ml. 


HP-  s 


S>u 


HV   L    «Tl» 


4iL 


7.5  7.J.  %c 


atfih 


V<i' 


«ide  slope  with 

sandv   shale  crest. 

Vr  profile  with 

weathered  shales 

at    12"*.      Salt   accu-     -^ffj^cL^f- 

mulations   24"+. 

Dark   shale  below  24"  __ 

1200*  s,  7nn*  r  of 

NW  cor.,   n-24"  pre-       f^ 
ferred   for  surface       ^ 
use;    24-10"  acceptable 
for  surface  use:  '*» 

30-120"  use   for  sub- 
surface.     4-6?;  complex 
colluvial   side  slope 
below  sandv  shale 
influenced   crest.  — -»- 

0-2"  SiL-Aj;    2 

SiL-R2i"fm2  pr/m2  bk);  i^|  FS 
9-24"   ML  F^s'fcl  pr/ 
cl   btO;    24-30"  R3ca.     --JJ 
3n"+   Cca.      Salt 
accumulations   42 
Grassed    in   degraded 
slick  spots   in  area 
Residual   area.      Pro 
better  than  average. 


10  0 


SlCL 


& 


SICl 


&«. 


M- 


ofii^r 


*v     »* 


Sec.    34,  T.    2S,   R.    49E  ■$■ 


500'  S,  400'   W  of  — fl- 

NE  cor. ,  0-12"  pre- 
ferred   for  surface         — LL 
use;    12-24"  acceptable 
for  surface  use;  -*Q 

24-120"  use   for  sub-        lt 
surface.    2-6*  compler     " 
fast   slope  with 
sandv  shales   out-  .. — ^ 

cropping  on  crests.        \JJ 


bill 


Siu'iT^n 


SiCL 


SiCL 


5.CL 


SiCL-ft^n 


S.CL-W- 


0-6"  CL-Ap;    6-15"  -l-Oj-  5£L» 


Cl-Rat    -fm2   pr/m-f  2bk )m  —J 

15-24"  Ct-B3Ca.    t( ^)==i 

SiCL 


Salt  accumulations  -2 
at  42"+.  Strong  C 
shale  influence  at  s 


-ft 


© 


5,cl-H- 

SiCtfH- 


S.CL  sTT, 


SiCL 


SiCL 


S.C 


■H- 


<D 


l4no'  s,  son'  r.  of 

N'3  cor.  ,   0-18"  pre- 
ferred   for  surface 
use;    18-60"  acceptable  -liJ&CL 
for  surface  use;  s*b 

60-120"  use    for 
subsurface.      2-4% 
complex  colluvial 
foot  9lope  below 
sandy   shale  crests 
0-6"  SiCL-Ap;    6-18 
SiCL  B2t"'c-m2  pr/ 
cm-f2  bk);    18-24" 
SiCL-B3ca;   24-42" 
Salt  accumulations 
at   78";    finer  textures  "Tr 
78"». 


S.CL.  -JS- 
"n      '" 


semi  consolidated 
sandy  shale  42"+. 
Average  shale  depth 
12". 

1200'    W,   800*    N  of 

W^  cor.,  0-12"  preferred 

for  surface  use; 

12-84"  acceptable 

for  surface  use;  . 

84-120"  use   for  sub-      (jO 

surface.      4-6%  complex 

side  slope  below 

moderately  sloping 

residual   crest. 

0-6"  SiCL  Ap;   6-10" 

SiCL  R3ca    (cl   pr/ 

cl  bk);  10-36"  Cca. 

Stratafied  DFSL/Sil 

shales   36"+.      Depth 

to  shales   variable; 

some  deep  soils   in 

area. 


500'    T.,  300'    S  of  W'4 
cor.,  0-12"  preferred 
, for  surface  use; 
■12-24"  acceptable    for 
:  sur  face  use;    24-120" 
[use   for  subsurface. 
6-3 S*  complex  side 
slope   below  sandy 
shale  crest.       \/C 
profile  over  strata- 
fied   ferrous   and 
dark  gray  shale 
to  72".      Stratafied 

UFS/S1L  108"+. 
3*rs*~>     7,3  •?.*■%& 
e'-n'        ,¥     a?     S9 
2100*    E  of  W1*  cor,, 
0-18"  preferred   for 
surface  use;    18-48" 
acceptable   for  sur- 
face use;   48-120" 
use   for  subsurface. 
4-6%  single  slope 
below  sandy  shale 
crest.     0-S"  SiCL  Ap; 
5-15 
-(m2  p 

SiCL  B3ca;  18-30" 
Cca.  Salt  accumula- 
tions 30"+,  Ba  from 
90-102". 

<?-*'        +0         *7       33 

100*    S,    50'   W  of  E^ 
cor. ,   0-6"  preferred 
for  surface  use;    6-42 
acceptable   for 
surface  use;    42-120 
use   for  subsurface. 
4-8%  complex  side 
slope  below  moder- 
ately  sloping  sandy 
shale  crests. 
0-5"  Ap;    5-8"  AB. 
8"+  Cca.    Salt  crystals 
at    72"+.      Stratafied 
ferrous   and  oxidized 
materials    24"+ — 
prominent   at    54"+. 


u-o     sill  flp;       

sicL  B2t  (m 

r/m2bk);lS-18"^71 


SiCL 


Sajf 


■il 


* 


-4H 


-«- 


Hft- 


Sib 


SiCL+V- 


-H- 


10S0'    E,   400'    S  of 
NW  cor. ,  0-6"  pre- 
ferred   for  surface 
use;    6-18"  acceptable 
for  surface  use; 
18-120"  use   for 
subsurface.      4-8% 
complex   residual 
soil  on  the  crest. 
Sandv  shales   with 
scattered  baked 
rock    in  area.      Grav 


«- 


SiCL 


^SCL-H- 


650'    S,   650'   W  of  Z\ 
cor.,  0-18"  preferred 
for  surface  use; 
18-120"  use   for  sub- 
surface.     2-4% 
complex  colluvial 
bench  below  sandy 
shale  crests. 
0-S"  SiC-Ap;    S-18" 
SiC-B2t  *(c2  bk/m-f  2bk) 
18-30"  SiC-B3ca. 
30-42"  SiCL-Cca. 
SiCcfitVi    42"+  Cca.     Shale 

influence  beginning 
114"..     A*M-     Ji»l.   Jf 


1200'    W,   900'    N  of 
SE  cor. ,   0-12"  pre- 
ferred   for  surface 
use;    12-66"  acceptable 
for  surface  use; 
66-120"  use  for 
subsurface;    0-S" 
SiCL-Ap;    S-12"  SiCL-B2t 


1*S.c 


SOIL   PROFILE   NOTES 


O 


S.CL  ^T» 


"(m2  pr/m-f2  bk); 
12-18"  SiCL-B3ca; 
18-30"  SiCL-Cca. 
30-54"  Ccs. 
Salt   accumulations 
at   30-54".      Soft 
sandy  shales  at 
66"+,      Fi  rm  sandy 
shales   at   120". 

500'    N,    200'    W  of 
SE  cor.  ,   0-120"  use 
for  subsurface; 
2-4%  complex   collu- 
vial  bench  below 
sandy   shale  crests. 
0-5"  SiCL-Ap; 
S-7"  SiCL-B2t 
-(m2  pr/m-f  bk); 
7-18"  SiCL  B3ca. 
18-30"  SiCL  Ccs. 
30-54"  soft  shale. 
Shale  influence 
from  18-30".      Slick 
spots    in  area. 
Cca  lime  zone 
varying    from  7-18" 
with  m2cpr's   in  area. 

200'    N,    SO'    W  of 
S^  cor. ,   0-12"  pre- 
ferred   for  surface 
use;  12-36"  acceptable 
for  surface  use; 
36-114"  use   for 
subsurface.      6-8% 
complex  side  slope 
below  sandy  shale 
crest.      8-35% 
slopes  in  area. 
A/C  profile.      Strong 
shale  influence  from 
12-36".      Salt 
accumulations  at  36"  . 

600'    E,  100'    N  of 
SW  cor. ,  0-12"  pre- 
ferred  for  surface 
use;   12-48"  accept- 
able for  surface  use; 
48-120"  use  below 
root  zone.      6-10% 
complex  side  slope 
below  sandy  shale 
influenced  crest. 
0-4"  SiL-Ai;    4-12" 
SiCL-B2t    "(m2  pr/ 
m-f2  bk);   12-18" 
SiCL-B3ca.     18"+  Cca. 
Salt  crystals  at 
48-66";    accumulations 
at   66"+--66"+  heavy 
textures. 

1000'    N,    650'   W  of 
T\  cor.  ,  0-6"  pre- 
ferred  for  surface 
use;    6-18"  use  for 
subsurface;  18-120" 
use  below  root   zone. 
2-4%  gentle  sloping 
colluvial  soils 
below  sandy  shale 
crests.      0-6"  SiCL-Ap; 
6-15"  SiCl   Bi2t  and 
B22t    (m2  pr/m2  bk); 
15-18"  SiCL-B3ca. 
18-36"  Cca.      36-60" 
Cs.      102"+  soft 
shaley  material. 
Salt  accumulations 
from  36-102". 

NOTE 

Soil  profile  field  notes  continued  from   Sheet  2  of  9  ,  Oro wing  No 


ROFIL 
)   SOU 

E    REPRESEN 
enoflLE     NL 

j  a  —  -z»  ec 

6  4-0  0  8  4 
8  C 

65    My 

(0. 

24  S« 

_      PROFILE    SY 
Cobble 
Gravel 
Sond 

Loamy  Sand 
Sandy    Loom 
Loom 
Sill    Loom 
Sandy  Clay  L 
Clay    Loom 
S.lty   Clay  Lc 
Sandy   Cloy 
Clay 
Silly  Clay 

Shan 

Sandstone 
Fine 
L.0M 
Medium 

SCELLANE0US 

TS    5'  DEPTH 
MBEfl 

C  L 

mmhot/cm     Sot    E«l 

pH    l>5    Soil- Water   Soipention 

pH    Soil-CaCI2    Suspension 

LI   C 

droulie    Conductivity    Ifl/hf 
lurbed   Samples) 
rtlina    Volume 

Or 

SOI 

MBOLS 

Co 

Or 

S 

LS 

SL 

L 

SiL 

SCL 

oom 

CL 

S.CL 

om 

SC 

STRUCTURE  ABREVLATI0NS 

C 

Size 

SiC 

Sh 

rii 

f 

LI 

very   coarse    .  . . . vc 

M 

Grade 

H 

structureless    ..0 

Type 

angular  blocky    .abk 
subangular   blocky    . sbk 

MI 

single  grain    . . . sg 
ABREV1AT10NS 

sodiur  adsorpat ion-ratio    ...SAR 
creviced  rock  .  .  . .  CR 
INFORMATIVE        SYMBOLS 

OVERBURDEN       DEFICIENCIES 
( for    plont  media  ) 


Sodicity 

Salioily 

Clay  (very  fine  texture) 

Coarse  (very  sandy  texture) 

Restricted  permeobillty 

Availoble  moisture  capacity 

Depth  of  suitable  overburden 

Stonirjess 


TOPOGRAPHIC 
9 


DEFICIENCIES 
Slope  (including  gradient 
and  complexity) 
Indurotea   sandstone. shole, 
or  baked  rock. 
Cover 


UNITED  STATES 

DEPARTMENT  OF  THE  INTERIOR 

BUREAU    OF    RECLAMATION 

RESOURCE  &   POTENTIAL    RECLAMATION    EVALUATION 

PUMPKIN  CREEK  COALFIELD-  MONTANA 
PUMPKIN   CREEK    STUDY    AREA 

SEMI-DETAILED  LAND  CLASSIFICATION 


CLASSIFIEO_  T'JECHTL SUBMITTED 

DRAWN_L_e  _ALLSOP BECOMMENDEO__ 

CHECKED  __  APPROVED 


:r30„9ocn:'a"'978|  1305-600-224 


Plate  25 


Plate  27 


gQ_%~ 


® 


4-8%  complex  foot 
slope  with  slopes 
up  to  3S*  in  area 
Profile  adjacent 
draw  beli 
shale 

0-S"  SICL*A8;  S-12 
SCI.  B2t  (c2  cpr/ 
m-f  2bk);  12-24" 
SiCL-Bgca  and  Cca. 
Cca  24"*.  Oxidi: 
pray  sandy  shale 
at   S4"+.     Profil 


400'    R,   250'    N  of  V\ 
cor.,  0-1!"  preferred 
Fur  surface;   12-10" 
acceptable   for  surface  7^ 
use;    .10-120"  use   for  S^r, 
subsurface.  }    ,j, 

8-15%  complex   side      |      " 
slope  with  slopes  — . 

to  35%  in  ai 


bett. 


than 


Sit   ! 


iCL; 


.1-6" 

SiCL 


OK 


fljjfml    pr/ml   hk ) ; 
lf-14"   ^ifL  Bj2 
(ml   pr/n2   bki;    14"* 
rCa.      Limp   ruttinvs 


and  i 
,   14"*, 


cut.h1  prions 
Salt  crystals 


«-?.,«.«■ 


500'    N,    !00'    F   of  %\ 
cor. ,  0-6"  preferred 
for  surface  use; 
6-120"   acceptable 


nd 


f'nit  iIp    1  >i 


ted 


of  8-35% 
:  sandy  shale 

Average 
■  over  shales 

A/C  profile 
ilt    accumula- 


@U 


Oxidi: 


iterial 
'rofile 


at    S4"*. 

300'   f,   200'    S  of  WW 
cor.,  0-18"  preferred 

18-78"  acceptable 


irfac. 


78-120"  i 
surface. 


.-8% 


omplex   *;  i dp   slope 

$%.  Profile  local 
■elnw  sandy  shale 
rest.  0-2"  L  Aj ; 
.7"   L-AB;    7-11" 


fUCL-Bij  (ml  pr/ml   bk)  * 

11-14"  SiCLR22t" 

(ml   pr/m2   hh); 

14-18"  SirL-B3ca 

(m2   pr/m2   bk);  1 

18-42"  SiCL-Cca.      Suft 

sandv  shale  material  */£. 

from  42-78".      Tine  **£**\ 

sandy    ferrous  shale 

Q-,  * 


is    acid    fr.m   6-36" 

reflect  delineated 
area  as  being  ,il] 
acid  si.rf.7ce. 


0-18"  preferred 


shale  crest. 
t)-3"  SiCL-Ai;    3-10" 
SiCL-Bi2t   (ml  pr/ 
ml    bk);    10-18"  SiCL 
B22t    (cm2   cpr/m!  bk); 
1B-24"  SiCL  Baca; 
24"+  Cca. 


0-S"  SiL-An;    S-B" 
SiCL-8i2t    (ml  pr/ml   I 
8-12"  SiCL-B22t 
02   pr/m2   bk); 
12-1S"  SiCL  B3caj 
IS"*  Cca.      Strata- 
fied   ferrous  and 

42"+.      Average   for 
3rea  acceptabl 
42".      Swales 
alone  draw  deep 
materials. 


18-36"  use  f 

surface;   36-120"  T? 

4-10*  complex  side     |    ^ 
slope  below  gentle     ,_    •** 
crest.     0-3"  SiL-Ai;J 
3-8"  SiL-AB;  8-10"       — g 
SCL-B2t   (m3  cpr/ 
rr.3  bk);   15-18"  ~ 

,  SiCL*B3ca.  18"+  Cca. 
Strong  shale  influence 
at   54".      Salt  nccumu- 


-.  .-1 


300'    E,   200'   N  of  SW       /y\ 

»7 

1000'    N,   200'   E  of  Wl 

cor. ,  0-12"  preferred    V_j 

cor. |   0-6"  preferred 

for  surface  use;              — 

J.ea 

for  surface  use; 

12-24"  acceptable   for^c-^ 

6-18"  acceptable   for 

surface  use;    24-120"   ]j   * 

use  below  root   lone.     J   ■» 

surface  use;   1B-30" 

j££ 

use   for  subsurface. 

4-8*  complex    foot           -g 

slope  with   20%  slopes "§— fi 

-■* 

" 

4-8%  complex  side 

, 

_£*£ 

slope  below  raoder- 

in  area.      Crests  are 
baked  rock   over  sandy      -jj- 

«3! 

JUL 

A/C  profile.   Shales, 

shales.      0-4"  SiL-AB; 

*& 

stratafied   carbonacec 

4-9"  SiCL-   (cl  pr/           ~~ir 

~TT 

and    ferrous  materials 

cm!  bk);   9-14"  SICL 

Textures  30"+  a 

*B3ca;   14"+  Cca.              — JT 

lrt* 

"77- 

heavy   CL/c.      Average 

' Gravel    fragments  to 

depth  to  shales 

24".      Sandy  shale 

at   12". 

influence  at    66". 

<V*t        71  £     ■*  i.    StC    it* 

Baked  6hale   fragments      /<P\ 

y.-.t-     -                    -     ** 

depth  of  surface                  it  $,l 

material   60".      42-60"  f~  v f .J 

" 

cor.,   0-6"  preferred 

jsand  %  increasing.        -;.    « 

6-54"  acceptable   for 

\    n 

surface  use;    54-120" 

650'   W,   45ii'   N  of  %\     $,« 

-. 

use   for  subsurface; 

cor.,   0-12"  preferred^     '* 

"V 

6-12%  complex  side 

for  surface  use;           4_jj 
12-66"  use   for  sub-             " 

,S' 

slope  near  sandy 

"*W 

shale  crest.      A/C 

surface;    66-120"  use          „ 

profile.      Oxidized 

below   root  zone.                   " 

sand  material  to   54". 

4-6%  complex  colluvial 

■"* 

Ferrous   materials 

crest  with  slopes              -£ 

i*i 

54"+. 

to  15%.      Sandy  shale 

1th 

£>,?■*       s'X 

and  baked  rock              ^ 

Si.     3*         J  5 

uence  on  surface  $  (a)  »9 

.     0-4"  SiCL-AB;     S  ^Tf-TH 


ed^ 


latii 


54"+ 


®-* 


\£- 


. ,  0-: 


irfac. 


34K 


»'    N  of  Z\ 
'  preferred 


Alluvial  material  90" 
*^»  -  ^ 
200'  W  of  N^  cor., 
0-6"  preferred  for 
surface  use;  6-301 
acceptable  I 
use;  30-120' 
subsurface, 
complex  side  slope 
below  sandy  shale 
crest.      Stronger 

A/C  profile.      Salt 
"  crystals  at  30"+. 

Oxidized  sandy  mat 


^tr© 


o-3"  =iCL-Ax;  3-8" 
_  $iCL-B2](ml  pr/ml 
~8-14"  SICL-Hjj^ 

fm2    cpr/m- f  2bk); 
"  14-18"   B-,ca;    18-30" 

Tea;    30"+   Ccs. 

Stratafied  sandy 

shales   at    84-*. 


18-72"  acceptable 
for  surface  use; 
72-120"  use   for  sub. 
surface.      6-10%  com- 
plex  foot  slope  bel 
sandy  shale  crest 


SiL-AB;    6-14"  SiCL 
B2t(ml    pr/ml   bk); 
14-18"  SiCL  B3ca. 
16"+  Cca.      Limi 
travel    Frno   18-72". 
Salt  accumulations 
from  102"+.      Strata- 
field   ferrous  and 
oxidized  sandy  shalei 


4-12"  SiCL-B2 

,  "(ml  pr/m2  bk);  J 

12-24"  SiCL-B3ca; 
24"+  Cca.      Surface 
12"  strongly  influom 
by  sodium.      Degraded 
slick  spots  in  area. 
Deep  acceptable 
materials  along  the 


650'    E,   500'   N  of  S1,     . 
cor.,  0-12"  preferred 

12-96"  acceptable  for 
surface  use;    96-120" 
use  for  subsurface; 
4-8%  complex  side 
slope  below  sandy  shale 
crest.     0-4"  SiCL-AB; 

'f4-8"  B12-(m2  pr  bi2  bk); 
8-12"  B22_(same  except 

1  for  color).      12-18" 
SiCL-B3ca;   18"+  Cca. 

.  Reddish-brown  material 

"754"+.      Baked  rock 

edge  of  mapping  unit. 

Semiconsolidated 
material  72"+.      Slick 
spots   in  delineation 

shales  at  30". 

550'    E,  450*  S  of  W^ 

0-12"  preferred 


0'   5,   400'    E  of  NW 
r. ,  0-6"  preferred 


4-8%  complex  side 
slope  below  sandy 
shale  crests.     0-4" 
SiCL-AB;    4-1S"  SiCL 
Bca;   1B-30"  Cca. 
Stratafied   ferrous 
and  oxidized  sandy 
shale  material  30"+. 
Semiconsolidated 
shales  at    54"+. 
Profile  better  than 


200'   S  of  N|j  cor.  , 
0-6"  preferred    for 
surface  use;    6-72"  • 
acceptable  for 
surface  use;   72-120" 
use  below  root   zone. 
2-8%  complex  collu- 
vial   foot  slope 
below  sandy  shale 
crests.     0-2"  SiL-Aj^; 
2-6"  SiCL  B2t   (1*2  pr/ 
f2  bk);      6-12"  SiCL- 
Bafi   (m2  pr/m2  bk)- 
12-24"  SiCL-BB2; 
24-48"  Cca.      Lime 


ings 


24"- 


for  ; 


rfac 


14O0'    F.  of  V'4  cot.  , 
0-6"  preferred  for 

acceptable  for  surface 
use;  18-120"  use  for  » 
subsurface;  -j* 

6-12*  complex  side    ^ 

t..   i$4    in  area. 
Sandy   shale    residual 
area.      A/C  profile 

afied  sandy 


(^ 


@-l 


chnle- 


18"+ 


Salt 


itnls 


use  below 


-120" 


4-8%  complc; 
side  slope. 


i  gentle 

shales   outcropping 
in  area.      0-5"  SiCL- 
AB;    5-18"  SiCL  fi;; 
(cml    cpr/m2   bk); 
18-24"  SiCL-B3ca; 
24"+  Cca.      Oxidized 


of  i]  c 


Ten 


»  108". 
:   material   108" 


(,   SS0"  E  of  SW 
0-12"  preferred  g  ^-^ 

irface  use;  1  f, U 

2-36"  acceptable   for^  ^^ 
urfaee  use;   36-120"    ^  i 


for 


use  for  subsurface.       * — ' 
2-4%  complex   colluvial  -^ 
bottom.      0-2"  SiL-Aj; 
2-4"  SiCL-AB;    4-10" 
SiCL-B2f   (m2  pr/n>2  bk) 
10-24"  SiCL-B3ca; 
24-36"  SiCL-Cca. 
Better  profiles   in 


12-120"  use   for  sub- 
surface.     4-8%  compl 
side  slope  below  s; 
shale   crest.      0-12' 
SiCL  A/C;  12"  SiCL-CR; 


1600'   N,  400'   W  of  S';|     ^"35" 
cor, ,  0-6"  preferred 
for  surface  use; 
6-42"  acceptable   for 
-    surface  use;    42-120" 


ial. 


r  6-8%  complex  side 
slope  with  8-35* 
slopes  on  crests. 
A/C  profile.  Strata- 
field  carbonaceo 
oxidized  sandy  shale. 
Profile  is  better 

'than  average. 


450'   S  of  NE  cor., 
0-6"  preferred  surface 
use;    6-30"  acceptable 
surface  use;   30-72" 
for  subsurface. 
12"  complex  collu- 
al  side  slope 
sandy  shale 
0-4"  SiL-Ai 
0"  SiL-AB.      10"+ 
.      72-84"  dark 
les.      Salt 
umulations   102"+ 


sbk 


STRUCTURE  ABBEVIATIOKS 
Size 

very    fine vf 

fine    f 

medium   m 

v?ry  coarse vc 

Grade 

Type 
pi; 
pr 

angular  blocky    .nbk 

anular 
single  grain   ..  -sg 

INFORMATIVE        SYMBOLS 

OVERBURDEN       DEFICIENCIES 

(for    plont   medio  ) 

0  Sodicity 

s  Solinity 

h  Cloy  (very  tine  texture) 

v  Coorse  (very  sandy  texture) 

p  Restricted  permeobillty 

q  Available  moisture  capacity 

d  Depth  o(  suitable  overburden 

x  Sioninesa 

TOPOGRAPHIC       DEFICIENCIES 
q     Slope  {including  gradient 

and  complexity) 
r      Indurated    sondstone .  shale, 
or   baked    rock. 


LAND     CLASSIFICATION     SYMBOLS 
LAND  CLASS  - 


ii 
X 
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L  Divides    Mil    mstenol 


B  POTENT, 


SEMI -DETAILED  LAND  CLASSIFICATION 
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Plate  28 


©^ 

H12 

SSO'   S,   350'   W  of           >->,                «3 

1000'   E,   200'    S  of                                          accumulations;    18-30''^ 
NW  cor.,   0-36"  pre-                                        Cl-Cy,   30-54"  Ra           K*. 

HI  3 

2300'    E,   200'   S   of 

c~~ 

t!,™..o..-p„.      ® 

— ^, 

W|j  cor.,  0-12"  pr«- 

ferred   fir  surface         1— 

S-CL 

ferred   for  surface                                          VerUen  with  well       ~ST 

ferred   for  surface 

I-* 

S.L  ■ 

'., 

use;    6-42"  acceptable 

*' 

use;    .16-120"  accept-                                      developed  struc-            ''** 

'"-** 

~frri 

use;   12-24"  acceptable 

VJ 

for  surface   use;                u 

S.CL 

IS 

able   for  surface  use.                                    ture--2mbk;   salt 

■ 

for  surface  use; 

$-* 

'X 

43-120"   use   for  sub-    "7r 
surface.      4-8%                    4t 
complex  sidp  slope         "77 
below  sandy  shale 

X- 

2-4%  complex  allu-                                          crystals   72"*                _j2- 
vial   bottom.      0-2"      «                               "Zfta-  *'>*   ***  %*i    S** 
SiCL  Ai;    2-6"  SiCL     >                              £;*£.     a*     *i     3J     r%           g 
Afl;    6-14"  SiCL-B21t    *F7?\                                                    '     "*      ~**~ 

FSL. 

...... 

24-120"  use  below 
root   zone.      0-2" 
FSL-A2;    2-S"  L-B2I 
-{ml   pr/m2  bk); 

SOIL    PROFILE    NOTES 
PROFILE    REPRESENTS   5'  DEPTH 

crest.      Shales   out-      -ii 

Lte- 

1£_ 

(al   pr/m-f  2bk);          ^{^. 

n        H8     1500'   W,   6S0'    N  of 

., 

5-9"  CL-B22f   (m2  pr/ 

(l)  S„,L    P»or,Lt     »u..e. 

If 

-lA. 

cropping  in  area. 

■.,... 

14-36"  SiCL-B22"         "^  — 

r>L 

-^          fl'j  cor.,   0-6"  pre-         »? 

CL 

•>'' 

m2  bk);    9-24"  CL- 

vi. 

** 

S,L 

to 

A/C  profile. 

T^f 

, 

(cl  hk/ml   bk);               ^-li 

' 

ferred   for  surface        " 

»»-*! 

fl3ca;    24"+  Cca. 

Z  8 2.9   €C  wmhoi/cm     Sol    E.I 

— m    *13 

36-42"   B3ca.      42"*         -^ 

^%f      use;    6-18"  acceptable 

Colluvial    foot 

<§ 

1200'   S,   460'   W  of            l7 

"■■  £ 

i3 

Cca.      Salt   accumu- 

~5$ 

for  surface  use;         -jj^ 

CL 

,,', 

slope  below  residual 

a   0»H    SDil-C0CI2    Sutp.nt.or. 

T* 

Z\  cor.,   0-6"  pre-         "77 

*"<■*. 

TT 

lations  at   84"*.              -£- 

4— j      18-36"  use    for  sub- 

sandy  shale  and 

4 

LLC 

"loS'Jrtlid  SomViV.'*'''  """" 

■   Ijjl 

-    f 

Li-t 

ferred    for  surface         **Z%   x,i    5»  7 

Profile  textures   due 

~ ^H 

surface.      b-o%           0rrt  jjij,  *t  jj»« 

clinker  materials 

24   S.tllino     Volum* 

\ 

,u 

"'"" 

use;    6-30"  acceptable  •»-■*     •»     £    * 

to   high  proportion  of   S- 

L 

^_.     complex  si.lr  slupe  *^*.*  "   ^    ; 

on    2-4%  complex 

1 

G. 

y 

'  "*" 

.fj 

for  surface  use;              **«■»    '*     "  -"> 

I1FS  and  silts. 

"-: 

below  sandy  shale    14*1'-      -     -   'J' 

slopes.     Slick  spots 

£    "' 

— 

30-48"  use   for  sub-         .-, 
surface.      4-8%  com-       (f 

) «4 

900'   S,   200"   W  of  H\        oi 

i£L- 

77TT      crests.      0-4"  FSL-A 
noncal.j   4-lB"  FSL 

influencing  area. 

$0_!. 

"    c'Z'LE  """^ 

"73s 

plex  side  slope                 /^ 

Stir 

.j 

cor.,   0-18"  preferred  ~~fs 

SCL 

77^71      Cca;   18"+  softly 

,    Gf    , 

CfQ.(l 

— tf 

below  gentle  sandy           " 

:  \ 

*t 

for  surface  use; 

consolidated  sandy        (7d\           *&* 

1450*   N,   450'    E  of 

-L_ 

Sand 

-«■ 

S.CL 

;M.- 

shale  crest.     Less        _^ 
15%  slick  spots  in         2* 

,0 

18-84"  acceptable                                             shale  with  lime 

S|j  cor.,   0-12"  pre- 

_tl- 

Loom,  Sonfl 

~*rt 

%CL 

TT 

for  surface  use;                                               accumulations.                yj- 

CL 

/~ 

ferred   for  surface 

-LL 

Sond,   Loom 

■jr 

T^ 

area.      A/C  profile. 

'       +T 

84-120"   use   for                                                 Tractured  shales 

"  « 

use;    12-36"  acceptable 

— — 

Loom 

■it 

Semiconsolidated             -&• 

S.CL 

~rh>* 

subsurface;                                                          and  sandstone  through- 

CL 

for  surface  use; 

i^ 

lit    Loom 

,-■■.•- 

shales  48"*. 

2-4%  complex  collu-                                        oit  prof ile.                     ~ 7^" 
vial  side  slope                                            ^S#-       t*     -s      '* 

&o^ 

^5T 

36-120"  use  below 
root   zone.      2-4% 

cC^r  L"r 

4® 

**'"' 

below  centle  sandy         fo" 
shale  crest.     0-1"         )^ 

U  ??L"AJ.:^ 

— 

,...,. 

complex   colluvial 
foot   slope  below 

^ 

slVcS1"™ 

3  w 

— w 

1114 

800'    N,   ISO'   W  of  SE      *• 

, 

loam   Ali    1-5"   SiL-          TT 

TT          E^  cor.,   0-6"  pre-     —£- 

CL  - 

'  -  r. 

sandy  shale  crest. 

sTc" 

Si't*    Clo, 

f-# 

S.CL 

IT 

cor. »  0-6"  preferred     — rs 
for  surface  use;               7^ 

•-. 

MlT 

AB;    5-14"  S(L-B2- 

(m2  pr/m2  bk);                   -£- 

CL  ' 

ferred   for  surface 
7^7      use;    6-18"  acceptable   ^ 

— ff 

0-1"   SiL-Ai;   1-4" 
SiL^AB;    4-8"  CL-B2t 

~ 

Shole 

6-36"  acceptable   for 

14-18"   S1CL-B3;              ^    fo 

rtl            for  surface  use;            TT 

Cl 

«n* 

(m2  pr/f2  bk); 

~r~ 

Fini     -                                                                                                                      1 

_££ 

- 

.__->■ 

surface  use;   36-120" 

16"+  Cca.      Salt            J"^ 
accumulations                  5 

CL 

T*T7      18-120"  use  below            o 

CL* 

*  *• 

8-18"  CL-B3ca. 

t'~ 

L.ohi 

"a 

use  below  root   zone. 

root   zone.      6-8%             to 

•77j 

18"+  Cca. 

~H~~ 

Hrtiwn 

"^ 

^ 

Sv, 

6-8%  complex   foot 
slope  below  sandy 

72-96".      Profile           "^jf- 
better  than  average."!     . 

CL 

i*.dB      complex  side  slope 
Wo        with  16%  slopes   in 

ttV'fK™ 

_»1 

H.ov, 

shale  crests.      Side 

CL  _ 

T77T     area.      0-6"  SiCL-AB; 

'" 

~J7" 

TF 

slopes   of  gullies                                      J 

-.„„-     -        -       -     ■>./          ' 

6-24"  Cca-CL;   soft 

8-35%.      A/C  profile. 

"    "    *       A3      -4^ 

L 

!,%%t     sandy  shales  at  90"+ 

~ 

T3 

0-5"  SiCL  AB;    5"*              (7\           05 

1300'    E,   650'   S  of           r/ 
N^  cor.,  0-12"  pre-       "^ 

no        strata  fied. 

STRUCTURE  ADREVIAT70HS 

SiCL  Cca.                                 N 

@         His 

1250'    S,  1200'    E  of         LO 

$,cC 

" 

ferred   for  surface            __                         tr-ii      -        -         -       j*  a 
use;   12-84"  acceptable{/C7j             ttlO     800'   W,   500'   N  of  SE 

very    fine    . 

4- 

Ci 

ir* 

N'^  cor. ,  0-12"  pre-       "77 
ferred   for  surface 

" 

84-120"  use   for  sub-      ~Ts 

i* 

cor.,   u-i^     prererreo 
~«r      for  surface  use; 

mc      un    . . 

. 

use;   12-36"*  use   for     _JL 

surface.      2-4%                     0 

,g       12-18"  acceptable 

very  coarse 

C  L 

■T? 

subsurface.      4-6%               :' 

S.XL 

777; 

complex  alluvial              ~^~ 

ttoC 

Grade 

INFORMATIVE        SYMBOLS 

a,f*.       st? 

complex  side  slope 

below  sand  shale            -77 

SiCt 

£L, 

bottom  below  sandy            0 
shale  crests.                     ~*>~ 

Cl-  . 

,.,-       18-120"  use  belou 

stru_cture   c 

OVERBURDEN       DEFICIENCIES 

moderate 

[lor    plont   medio  1 

,:  ',:■    1" 

crest.     8-10%  slopes 

in  area.      Salt                 -ff 

5,CL 

J^-. 

0-1"  SiL-(A2);   I-'"         is 
SiCL-B2t-(m2  pr/               ■*» 

tt5 

,4,       complex  side  slope 
*■«-*■*     below  sandstone  and 

3 

Tvpo 

0     Sodicity 

crystals  at  12"*.              g7 

m-f   2  bk);    7-14"                  ,, 

L 

„.o        sandy  shale  crest. 

|L                                              h     Clov  Iverv  fine  texture) 

Sampled   for 
surface   quality. 

.-    -f- 

SiCL-B3Ca;   14"+                 « 
Ccbi      Lime   ruttings        -^j- 

5CL 

"-'■'    Cullies  with  8-35 

prismatic    . 

bk 

V     Coorse  (very   sandy  texture) 
p    Restricted  permeability 

48"+;    reddish-brown                                        0-3"  SiL-A;   3-7"  CL- 

angular  ble 
subangular 

cky   .abk 

a    Available  moisture  capacity 

See.    18,   T.    .IS,   R.    49E 

soil   influence                                                   B2it(2m  P""/  2m  bk); 

biocky  -sbk                                  d    OeP'h  of  suitoble  overburden 

t 

84-96".                                                                   7-10"  CL-B22   (2m  pr/ 

gr                                          x     Stoniness 

/"7"\             81 

1400'  r,  I3oo'  s  of  1  r~\ 

2m   bk);    10-24"  CL 
250'   N  of  S|j  cor.,                                           B3ca   (c2  pr/  m2  bk); 
0-12"  preferred   for                                        24"+  C  with  lime 

TOPOGRAPHIC       DEFICIENCIES 

V 

NM  cor.,   0-18"  pre-     :  V^ 

N6 

single   gra 

n    ..  .sg 

L 

"57 

ferred  surface              J  .n 

,    1 

m                                               g     Slope  (including  qrodient 

-if 

ff 

material;   18-30"          "t   " 

acceptable   for                     0 
surface;   30-120"  use  ~~ ?a 

"' 

_-L 

surface  use;   12-1B"                                        accumulations. 

acceptable   for                                                   Some  slick   spots    in 
surface  use;   18-120"                                      area. 

MISCEL1AHE0U 

ABREVIATI0NS 

ond   complexity) 

calcic   l.or 
sodium  ads 

rpation-ratlo 

r     Irtduroted    sondstone.shole, 
■•SAB                       0.  boked   rock 

-~ 

CL  ' 

-' 

below  root   zone.                10 

,1_r 

,,„ 

use  below  root   zone.  ^                                    O.^h   XiX&SC     s*x 

settling  v 

lume    SV 

...CR                                                  C      Co"r 

0-2%  complex  alluvial^73" 

*7Ti 

4-6%  complex  side         8                                  .5--J6'     **     n       tr      Jj/ 
slope  below  gentle      §  S~\                      s*    n 

creviced  <oe 

~rr 

s,£. 

»X 

bottom.       Sandy   shale      ^0 

FSL 

«tf 

x« 

'" 

-if 

and  baked   rock   crests     '" 

-<* 

L 

sandy   shale  crest.       ^KfO 

811      400'    E  of  M\  cor., 

0-1"  SiL-AjJ   1-3"        ^    11. 

CL 

,i.»          0-18"  acceptable   for 

~^T 

«. 

1-4"  SiL-AR;   4-10"            o; 

-ft 

fSL-AB;    3-B"  CL-           *   ¥f 

**"**     surface  use;  1B"+  use 
below   root   zone. 

B2t    (2m  pr/   2m  bk);          aj 

h 

j2!_ 

~7l* 

-. 

SiL-R2   (uc2  pr/ 

c-m   2bk);   10-30"  SiL-    -~ 

till 

.-.' 

8-14"  loam-B3ca;              17 
14-18"  loam  Cca; 

At-M.i       2-6%  complex  slick 

fca.      Lime   ruttincs 

18-36"  sandy  shales       777 

-«4t 

».»-#.  1      dominated  profile 

and  accumulations 

with  structural 

over  sandy   shales 

at  10-48".     Retter 

development.      36"+                                          at  18"+.      Salt 

profiles   in  area. 

laminated  soft  sand                                        crystals   at  18"+. 

Average  preferred 

shales.      Crusty  at                                            Otp*h         $or 

depth  18". 

9t>"'                                              .V-'i-      '/%*' 

% 

L 
L  ' 

L.    . 

1(2 

1200'   N,   150'    r.   of 

W|j  cor.,   0-18"  pre-                                ■* 

^M    'is  it  ?.c  J»f     t;  /— 

jL, 

ttl2     600'    S,   400'    E   of  U^ 
,e          cor.,   0-120"  should  be 

NOTE 

Soil  profile   field  noies  conimu«d   fiom   Sh»et  4of  9  ,  DfOwinq  No                                       , 

-^7 

* 

ferred   for  surface          fj\              K7 
use;   18-30"  accept-        \~J,_  ±l 

1300'    I,   400'    Nof   ^   "« 
SW  cor. ,  0-18"  pre--§      ot 
ferred   for  surface      ,      *o 
use;   18-36"  accept-          o 

****"      placed  below  root 
».,          zone.      2-6%  complex 

*'"■*      side  slopp  below  sandy 
tJb         shale   crests.      Cullies 

able   for  surface             ^f 
use;    30-120"  u.=  e   for       K 

■--^ 

^T 

oEB™7Bx£Ehz<?r 

subsurface.      2-6%          ~^~ 

able   for  surface              77J 

77*7"      8-35%  slopes   in  area. 

.44 

L 

ft 

complex    foot    slope 
below  a   baked   rock           t* 
crest   of  8-35% 

CL 

ff 

use;    36-54"  use   for 
subsurface;    2-6%              —2. 
complex   foot   slopes 

3 

Na    influenced  area. 
tj-*-      0-2"  SiL-A;    2-8" 

CL-B2lt    (m2  pr/m-f  2bk); 

R£SOuRCE   &   POTEHTiOL    RECLAMATION    EVALUATION 

PUMPKIN  CREEK  COALFIELD  -  MONTANA 

PUMPKIN    CREEK    STUDY    AREA 

'* 

L    ■ 

" 

slopes.      0-S"  SiL-       -^. 
AB;    5-12"  loam  B2 

CL 

f^ 

with  slopes  to  15%        _£_ 
in  area.      0-4"  CL-AB;     '" 

~? 

.  * -J?. .       8-14"  CL-R22t    f"11   cPr/ 
"*        m2   bk);   14-18"  CL-B3ca; 

SEMI -DETAILED  LAND  CLASSIFICATION 

-% 

L  ■ 

if 

~(ml    pr/ml    bk);                 ~7T 
12-18"  loam  B3ca. 

CL 

*""" 

4-9"  CL-B2t    (n>2   Pr/        _s_ 
2m  bk);   9-1B"  CL-             '" 

to         18-36"  CL-Cca;   sandy 
""■"     shales  high  in  silt 

CLASSI 

-l£0      T    F.ECHTL                                           SUBMITTED 

B3ca;    (2m  pr/2m  bk);                                      and  clay   fines. 

brown  soil.                           *° 

CL 

*■'•** 

lime   ruttings   and                                           Otptf,     Zs   %  Si   %  C      Sft* 

DROWN 

L  e   ALLSO"                                              RECOMMENOEO 

2?- ';   "  .;   v 

CH£CK£0                                                                       APPROVED 

H'-m'*.     =f     « 

BlU.iNGS,M0NTANAHEET5oF9tXT0BER,l9ra^-505    -600'226 

Plate  29 


0L« 


2,  T.   3S,  R.    49E 

900"   E,  400'   S  of  VW'4 
.r. ,  0-12'*  preferred     fj\ 

for  surface  use; 
7  12-36"  Acceptable  for 
'  surface  use;   36-120" 

use  for  subsurface. 

4-8%  complex  eolluvial 

foot  slope  below  sandi 

shale  material;  0-3" 

CL-Ai;   3-6"+CL-AB. 

6--)"  CL-B12(   (m2  pr/ 
■  ni  bk);   9-12"  C-B22t 

(cl  pr/cl  bk);   12-30"     ~ir 


1400'    E,   ! 


-18" 


:-b3c. 


30"+   Cca. 


CL  --JT 


for 


ise  below  root  zone 
-2%  colluvlal   basl 


of  WW 
;    18-102- 


GL. 


,  bel 


shale 


0-2" 


<#V' 


>.      1000'    N,    400'    E   o 

-  SW  cor.,  0-12"  pre- 
ferred  for  surface 

'    use;   12-120"  use  for 
subsurface.      4-6% 

-  complex  eolluvial 
foot  slope  below 

-  sandy   shale   material 
0-3"  CL-Aj;   3-6" 
Cl-AB;    6-10"  CL-B2t+ 

7jcl  pr/cl  bk) 

10-1B"  C-B3ca.    o.j.i. 
\  18"+  Cca.  '*"' 

110*'    E,  1100'  S  of 
M'a  cor.,  0-18"  pre- 
ferred   for  surface 
18-84"  accept- 


-s 


Us 

) 

i"  * 

1"    T 

%— 

Ci 

~*v 

ct"** 

-* 

^ 

-&i 

CL  . 

—re 

CL 

1GK 

-^ 

-A 

Cl 

P7,  SiL-A2;    2-6"  SiL-AB 
6-11"  CL-B12t 
,    (m2  cpr/m2  bk)  11-18" 
~T°  CL-B22t   "(cl  pr/cl   bk! 
18"+  Cca.      Salt  ac  umi 
relations  at  36"+;    84"+ 


#8  15O0'  W,  400"  N  of  Z\ 
'  — 1L  cor.,  0-12"  preferred 
"  for  surface  use;  12-66 
r^ry-,  acceptable  surface  use, 
j.»  66-120"  use  for  sub- 
'>m  surface.      2-6%  cnm- 

S"   shallow  to  sandy  shale 
crests.     0-S"  CL-APj 

rT"  S-B"  CL-AB;   8"+  Cca; 
Salt  crystals  at  48"+. 

^     Lab  results  better 

*"«  than  average   for  area. 


<3U 


i&v: 


able 


irfacf 

4-8%  complex  side  Blo[ 
below  sandy  shale 
crests.     Slopes  to 
16%  in  the  area. 
0-2"  SiL-Ai;    2-4"  CL- 
AB;    4-9"  CL-B12t 
(m2  pr/m2  bk) 
9-12"  CL-B22t 
(m2  pr/f2  bk) 
12-1S"  CL*B3ca;   15"+ 
Cca.      Deeper  profiles 


1100'   S,   200' 

1-12"  pi 


!     600-   N,  400"  W  of  SE 
j,  cor. ,  0-12"  preferred 

for  surface  use;   12-72 
-    use   for  subsurface; 
"  72-120"  use  below  root 

zone.      0-2%  complex 
T  colluvi 

0-4"  cC-Aj;    4-7"  CL-AB 
£%;  7-11"  CL-B2t   (cl  pr/ 

cl  bk);    11-14"  CL-B3ca 

14"*  Cc 

at   72";    surface  alkal: 

common   in  spots. 

tt3      300'   M,   200'    N  of  Z\ 

cor.  ,   fi-18"  preferred 
L°.     for  surface  use;   18-96 

acceptable   for  surface 
177,    use;    96-120"  use  for 

subsurface.   2-6%  com- 
nfe   plex  eolluvial 

slope  below  baked 
Ls_    shales  and  sandy  shale 
''"    material.      0-2"  CL-Aj; 
<f      2-4"  CL-AB;    4-9"  CL-Bj 
'**  (ml  pr/ml  bk);    9-18" 

CL*B3;   18"+  weathered 
£-2_    sandy  shales  and  baked 


for  ; 


■  acceptable  for  surface 
'  use;    30-42"  use  for 
subsurface;    6-15%        < 
complex  side  slope      •$ 
below  sandy  shale         | 
crests;   0-3"  SiL-A;     ■* 
3-5"  CL-AB;    5-9"  CL-  "| 
B2    (ml   pr/m2   bk) 
9'"+  Cca.      Lime  accumu- 
lations 12"+;  salt 
crystals  42"+;   semi- 
consolidated  sandy 
shale  material 


!  of  WE 

:f erred       >™^ 

>;    12-30"  I  4) 


«4      1050'   W,  400'   S  of  NE 

■. ,  0-6"  preferred        .". 


for 


rfa< 


acceptable   for 
use;   18-42"  us. 

complex  side  slop 
bel. 


w  shallow  to  sandy    (Jq\        «0     1500'   N,   of  S%  cor. 
e  crests.      0-3"  ^~T — +1         0-18"  preferred  for 


<3U 


ncludes  steeper  slopes. _; 
CL-AB;    6"+Cca  ' 

lime  aceumula-  ; 

.      Salt  crystals        * 


■410     1300'    E,  850'    N  of 

,  0-12"  preferred 


■® 


e;    12-42"  -fr  £ 


acceptable  for  t 


urface;    4-6%  complex     t^~ 

ide  slope  below  shale"t;  -t 

utcrop;   0-4"  CL-AP;     s| 

-8"  CL-B12t   (m2  pr/      *-! 

iH«2   bk);    8-12"  CL-B22t    1  ' 

*,(ml  pr/ml  bk);   12-18"    * 
rx^CL-Bgca;   18"+  Cca;  H 

'     *Lime  accumulations  —h 

*s     18"+;   Salt_crystals 
60"+. 


1300'   W,  1000'    S   of  E'4    ^ff  ^ 


eptable  for  surface  ^_ 

;  18-60"  use  for 
subsurface;  4-6%  com- 
plex side  slope  below 
shallow  to  sandy  shale 
crests.  0-5"  CL-AH; 
S"+Cca;  Salt  crystals 
at  48"+;    Better  pro- 


•*       60"+.       *£.*«;     ■*>  —.  K6       1100'W,    350'    S    of  H\  »»    

,*;'.;•,■*:     H  \G>)  cor.,  0-12"  preferred    -jt   C- 

Ml     1000'   S,  900'   W  of  NE       fQCL+yf-    for  surface  use; 


filei 


with 


avorafie  depth  to 
shales  at   24". 

750'    E,  300'  S  of  KW 
cor.,  0-12"  preferred 
for  surface  use;*  12-30" 
acceptable   for  surface 

subsurface.      2-4% 
complex  eolluvial 
footslopi-.      Slopes  to 
8%  in  area  near  crests;* 
0-6"  IJFSL-AP;    6-12" 
CL-B  *(cl  pr/cl  bk) 
12-18"  B3ca;   18"+Cca.     _ 
Soft  sandy  shales  at 


30"- 


20% 


outcrops 


indstom 
surfaci 


Sec.    14,   T.    3S,   R.    4^E 

ai 

KiOO'   S,   450'   M  of  T.\ 

^ur. ,   n-18"  preferred 

i.i 

for  surface    use;    18-4( 

acceptable   for  surfac 
use;    48-120"  use   for 

t* 

subsurface;   2-4SK  com- 

■•: 

plex  alluvial   soil 
below  sandv  shale 

crests,      n-6"  SiCL, 

TT 

Trflp;    6-18"  SiCL 
B2   (C2  pr/m2   bk) 
18"+  Cca.      Water  tablt 

102";   baked   rock    Trag 

>~T 

ments   78"+. 

for  subsurface;    4-8% 
Tjl    complex  side  slope 

below  sandy  shale 
^   crests.   0-2"  SiL-Aj ; 

2-6"  CL-R2t 
|-    (m2  pr/m2  bk);    6-12" 

CL-B3ca;  12"+  Cca; 
S_    48-66"  weathered  shale 
1      Salt  crystals   66"+. 

Shallower  surface 

elevations. 

07  1200'  E,  400'  N  of  W'5 
cor. ,  0-18"  preferred 
.J*,  for  surface  use;  18-24 
1. 1  acceptable  for  surface 
'*'"  use;  24-48"  use  for 
■"  subsurface;  2-4% 
"■*•  complex  eolluvial  foot 
slope  below  sandy  shall 
~    crests;    sl( 


2-4"  CL-AB;    4-12"  CL-B2t 
!   (mlcpr/m2   bk);    12-18" 

Lime  ruttings  24"+; 
Salt  accumulations  72"+; 


TJTi  shall 

SiL-Ai;3-7"  CL-B2 

(m2  pr/m2  bk);    7"+  Cca 

12-18"  weathered  sandy 

shale  i 

X- 
H5      1200'    S,  700'   W  of  NE 

cor.,  0-12"  preferred 
"•      for  surface  use;   12-30 

acceptable  for  surface 
7T-    use;   30-120"  use   for 

subsurface.      4-8%  com- 
fTT",  plex  side  slope  below 

sand  shale  crests. 
~-    0-1"  SiL-Aj;   1-6" 

CL-AB:    6-12"  CL-B2 
■J-L     (m2   pr/f2   bk)   12-30"         (J^) 

CL-R3ca;    30"+C.  >rT 1 

weathered  slial 


cceptable   for 


11305-600-227 


Plate  31 


Sec.    32,  T.    3S,   R.    49E 


lO 


(?) 

4c 

CL 

-3 

Cl' 

CL   • 

1- 

CL 

&^ 

+t- 
CL  ' 

/« 

CL 

CL 


1100'    N,    500'    W  of  E*.      4£JCL    ■ 
cor. ,  0-24"  preferred 
for  surface  use; 
24-120"  acceptable 
for  surface  use.  ** 

2-4%  complex  colluvial  -1rrl  CL 
draw  below  sandy  shale 
crests.     8-35%  slopes 
in  area. 

0-2"  Sit-Ai;    2-5"  CL-AB; 
5-12"  rL-B2"flc  pr/       -^JCL 
c2  bk);    12-24"  CL-B3;       /  u.  ~^- 
'  24-48"  CL-Cj   with 
lime  ruttings.      Salt 
crystals   48"*.  <//\  l)11 


SCL 


& 

) 

*',. 

LS 
LS 

t£ 

■jCl." 

li- 

SCL 

ft 

CL    - 

Q. 


-H- 

SCL 

-* 

CL 

6* 

CL 

IZ 

CL 

fcS 

M 

■+ 

CL" 

-TT 

SCL 

JLJl 

CL     . 

76 

4 
CL     - 

_■-  /  z  i 

■ft 

FSL   ■ 

H?f 

++ 
CL 

46 
II 

CL- 

51 

-H 

CL- 

1400'    N,    550'   W  of  SE 
cor. ,   0-24"  subsoil 
material;   24-72" 
acceptable  surface 
material;    72-120"  use 
below  root   zone, 
2-4%  complex  side 
slope;    sandy  surface 
with  weak  development; 
salt   accumulations   48"+ 
0-2"   FSL-Ai;    2-14" 
LS-R2*(cl  pr/cl  bk); 
14-24"  LS-63;   surface 
not  typical   for  area 
which  is  largely  silty. 

800'    E,   700*    N  of  S*j 
cor.,  0-6"  acceptable 
for  surface  use; 
6-72"  use  for  sub-' 
surface;   72-120"  use 
below  root  zone. 

,  2-4%  complex  foot 
slope  below  sandy 
shale  crests. 

'  0-2"  SIL-Ai;    2-5" 
CL-AB;    5-14"  SCL- 
B2t(m2   cpr/m2   bk)hard 
hard  peds;   14-18"  B3; 
18"+  Cca.      Numerous 
slick  spots  on  lower 
positions  of  area; 
Profile  better  than 
average.      Area   down- 
graded due  to  slick 
spots. 


700*    N,   200'    W  of  S\ 
cor.,   0-18"  preferred 
for  surface  use; 
18-120"  acceptable 
surface  use.      2-4% 
complex  colluvial 
bottom  below  sandy 
shale  crest. 

j0-l"   CL-A;    1-4"  CL- 
AB;    4-8"  B2it   (m2  pr/ 
m2  bk);    8-14"  B22t 

>'(m2  pr/m2  bk);    8-14" 
B22t  Ccs2  Pr/f2  b*0; 
14-18"  B3. 
Scattered  gravels 
at  96"+. 


SCL 


crests.      0-2"  Sit-A^ 
2-4"  SiL-AB;   4-14" 
CL-B2t(m2  cpr/m2  bk) 
! 14-30"  B3ca;    30"+ 
Cca.      Sandy  shales 
at  42"+.      Dark  shales 
containing   sulfur 
at  90"+.      Textures 
90"+  CL/SiCL.     Slick 
spots  influencing 
30%  of  the  area. 
Poorer  profiles 
in  area. 

900'    Nf   800'    E  of  S^ 
cor, ,   0-6"  preferred 
for  surface  use;    6-24" 
use  for  subsurface. 
24"+  use  below  root 
zone.      2-4%  complex 
foot  slope  with 
4-6%  average   for 
area.      0-2"  FSl-A2- 

'  2-5"  SCL-B2t 
(m2   cpr/  m2  bk); 

,  5-24"  SCL-Ccs. 

I  Profile  is    a   degraded 
salinity   slick  spot, 
40%  area;  114"+ 
dark  shale  with 
sulfur.      Materials 
reflect   slick   spots 
only. 

7.S'    %C     S8R 


17-24    « 
24*$    3(. 

49-U     - 
*i§4   " 

8+-/08  - 


@- 


CL 


SCL 


SCL 


icZ 


n 


for 


1         ] 


!      I 


C\ 


S^ 


—w 


#9  1100'  S,  200'  E  of  NW 
cor. ,  0-12"  preferred 

U_   for  surface  use;  12-72"+ 

use  for  subsurface; 
*4    6-8%  complex  side  slope 
"^  luo  below  sandy   shale  crest. 
-1"  SiL-Ax;   1-4"  CL= 

jn^AB;    4-8"  CL-B2J 
(n>2  pr/  m2  bk); 
8-14"  CL-B3   ca. 
Salt  crystals  42"+. 
Clinker  material  at 
66"+.     Deeper  profiles 
attainable  adjacent 
and  along   draws. 
S*-*X  \\  s 

#10   800'    W. ,    400'    S    of  NE 
cor.,  0-18"  preferred 
for  surface  use; 
18-66"  acceptable    for 
surface  use;   66-120" 
use  for  subsurface. 
2-4%  complex  foot 
slope  below  sandy  shale 


T 


.J 


P 
I 


n 


r\ 


22         34.  42 

-         —  AT.J 


1250'    N,   900'   W  of 
SE  cor. ,  reclamation 
material  described 
in  profile   #7;    pro- 
file taken  to 
evaluate  and  sub- 
stantiate area  class. 
Sandy  profile 
influenced  by  sandy 
crest  reflected  by 
#6. 


SOIL   PROFILE    NOTES 
PROFILE    REPRESENTS   5'  DEPTH 
3  ;  soil    pf 


© 


2  (—2.8 

EC  mmhos/cm     Sol   Est 

14-10 

8  4  pH    Ii9    Soil- Water   Suspension 

65 

8  OpH    Soil-CaCI2    Suspension 
Hydraulic    Conductivity    in/hr 

LI.  C 

(Disturbed   Samples) 

24 

.      PROFILE 
Cobble 
Gravel 
Sand 

Loamy  Sar 
Sandy  Loa 

Sill   Loam 
Sandy  Cla 

Settling     Volume 

Or 

SOI 

SYMBOLS 

Cb 

Gr 

S 

LS 

d 

SL 

m 

L 

SiL 

SCL 

»  L°om      STRUCTURE  ABREVIATIONS 

Size 

SiCL 

Silly   Clay 

Loom           very    flne vf 

SC 

Sandy  Cla 

Clay 

Silly  Clay 

Snole 

Sandstone 

Fine 

Light 

C 

S.C 

Sh 

very   coarse    .  .  . . ve 

Si 

Grade 

F 

structureless    ..0 

Lt 

M 

Medium 

strong    3 

Type 

H 

Heavy 

angular  blocky    .abk 

subangular  blockv   .sbk 

single  grain    sg 

MISCELLANEOUS  ABREVIATIONS 

sodium  adsorfat ion-ratio 

creviced  rock  .  .  ..  CR 

INFORMATIVE 

SYMBOLS 

OVERBURDEN       DEFICIENCIES 
( for    plont  medio  ) 

o  Sodicity 

S  Salinity 

h  Cloy  (very  fine  fexfure) 

v  Coarse  (very  sandy  texture) 

p  Restricted  permeability 

q  Available  moisture  capacity 

d  Depth  of  suitable  overburden 

x  Stoniness 

TOPOGRAPHIC      DEFICIENCIES 
g     Slope  (including  gradient 

and  complexity) 
r     Induroted   sandstone, shale. 

or  baked  rock, 
c    Cover 


NOTE 
Soil  profile  field  notes  continued  from  Sheet  7  of  9  .Drawing  No. 
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oc7oaf/?,/979||305_6oo-229 


0-=, 


.  20  ,  T.   3S.,  R.    49E 
cor. ,  0-12"  preferred  <2j— q 
12-24"  acceptable 


luvial  side  slope 
below  sandy  shale 
crest.      Slopes  to 


Plate  30 


of  t! 
cor.,  0-18"  preferre. 
for  surface  use;  IB- 
acceptable  for  surfa. 
use.      0-1"  SIL-Aj; 
1-3"  CL-AB;  3-10" 
CL-Bft   <«2  pr/f2  bk);      ^ 
,010-18"  CL-Bgcaj 
Cca;    slick   spot 
scattered  In  ar 


XSZS.XC     3-6%  complex   colluvia 
SIL-A^;   1-S"  CL-AB;     £^  **  "  '*      foot  slope  below  sand; 


'"  Sk*i 


NfT^"^  -« 


i^h 


Cl-Bi  (m2  pr/ 
m2  bk);  9-14"  B3ca 
(ml   pr/ml    bk);    14"* 

face  materials  at   12" 

1000'    W,  150'    S   of  N<, 
cor.,  0-18"  preferred 
for  surface;   18-120" 
use  below  root  lone. 
0-1"  Sli-Aj;    1-4" 
CL-AB;    4-8"  CL-Bjj 
(ml    pr/ml   bk);    8-18" 
CL-B22t    (ml   cpr/m2  bk] 
18-30"  CL-B3ca; 
30-42"  CL-Ccb.    42"* 
"CR.    2-4%  complex 


side  slope; 


S  ' 


^ 


SB     800'    N,   600'    E  of  $\     -*_i± 
w     cor.,  0-12"  preferred   J 
f^     for  surface  use;  J 

iT    12-24"  acceptable   for  J 
to    surface  use;   24-120" 
TgTuse  below  root  zone. 

0-1"  SiL-A,;   1-4" 
£j^ CL-AB;    4-10  CL-B2t 

(m2  pr/m2   bk) 
£f- 10-14"  SCL-B22t 

(ra2  pr/m2  bk); 
•*£-  14-24"  SCL-B3ca; 
f'**  24"*  Cca. 
to     a-^  *s  Z5.  %C 


Sec.    30,  T.    3S.,  R.    49E 

350'  w  of  r!j 

0-12"  preferred  for 
surface  use;   12-120' 
acceptable  for  sur- 
face use;   0-1"  SiL-A] 
1-6"  Loam-AB;    6-11" 
l?r.    Loam-B3ca   (cl  bk/ 
ml  bk);   11"*  Cca; 
w_      iron  influence  at 
"       78"*.      4-10X  complex     AIL 

side  slope  below  sandy 
ir~     shale  crests. 

,(2  1200'   S,  85*0 '   S  of  tt\    •*£ 

£«  cor. ,  C-12"preferrec 

^  surface  use;  12-120"    ^   x. 

'*'  use  for  subsurface,       a-'.  ' 

».  0-2"  SiL-Aj;   2-5"  CL- ^ 

*"'J  AB;    5-12"  CL-Bjt  *:* 

^  (m2  pr/ra3   bk)    12-16"  gt' 

"  CL-Bjca;  16"+  Cca; 

'--  lime  accumulations 

'*  16-30";   salts    from 
48"+;   4-6*  complex 

•**  side  slope  below  gentle  -j . 


#7     1800'   W,  650'    S   of 
Efc  cor.,  0-12"  pre- 
ferred  for  surface 
J    use;   12-84"  aecept- 
•$    able   for  surface  use; 
3    84-120"  use  for  sub- 
surface.    0-2"  FSL- 
Ak   2-12"  FSL-Bj 
(cl  pr/ml  bk);   12-24" 
J-L        By,   24-36" 


36-61 


soft    ! 


ndy 


wit 


shale 


cropping.      Scattered 


(3) i ..lick  .pots   in  arc 


s- 


©-. 


900'    E,   500'    S  of  Nij    _! 
cor.,  0-12"  preferred^ 
for  surface  use;  ■!  j 

12-6n"  acceptable         J  ' 
for  surface  use;  ■* 

0-1"  SiL-Ai;    1-4"        *J 
CL^AR;    4-10"  CL-B2t 
f>2  pr/m2  bk);    ln-lB"  j_>1 
B3ea:    18"+  Cca. 
4-6*  colluvia!   sid 


1  J|l<l 


for 


,  600'  N  of  %% 
,  0-12"  preferred 
surface  use;  12-24"-^ 


0-1"  SiL^ J    1-3"  CL- 
B21t   f™1  cpr/fl  bk); 
,„■■     3-12"  CL-B22t   (m2  pr/     -^ 
"  "  m2  bk);   12-24"  CL-83ca 
24"+  Ccs.     Located 
on   2-4%  complex   side 
slope  with  40%  slick 


<^>.<t£C 


0-3"  SiL-Aj!   3-12" 
L'L-B2   (ml   pr/ml    bk); 
12-18"  CL  B3c«;    18"+ 
Cca.     8-35%  f»6t  slopi 
below  sandy  shale 
creats--Cca   S4"». 
Variable  profiles    in 


#3  *  2S0'   S,  100'   W  of  ME     ~*° 
L  ""4-^1  cor.,  0-18"  preferred 
' —    —^  for  surface  use;  18-30".- 
yrre  acceptable  for  surface 

use;   30-120"  use   for      -£ 

FSL-Aj;   2-6"  CL-B21        _lf! 

■^    (m2  pr/m2  bk)   6-12" 
CL-B22  (c2  pr/m2  bk) 

±lt    12-18"  B3ca; 
Shale  materia 

—  ^becoming  hard 

1(4  ;  600'   E,  400'    S  of  WW 
i£fA  cor.,  0-120"  for 
•  '      subsurface  use; 

0-2"  FSL-Aj;    2-S" 

r^     FSL-AB;    5-9"  CL- 

1™    B2   (m2cpr/m2   bk) 

9-12"  CL-B3ca;   12-18' 
SCL-Cca.      8-35% 
complex   draw  below 
i ndy  shale  crests. 


FSL 


"XZ 


MS     105( 


|ii,  M"  crystals,  sirara-     "  i_—  177^-, 
,»c    field  material;   4-6%       (5) 
"°     side  slope  below  sandvv^jjjf) .'  * 
shale  crests.     8-35%     j  ** 
slopes  in  area.  .J-ti 


tlons   in  shale  /T7\         (til      600'   S,  30i 

material.      Profile  ^CiJ .  cor.,  0-18 

.. ...__    L&.    ,,'—11    - 


® 


r£ 

L 

S^f 

^i^ 

1  if* 

M- 

- — ^ 

-^ 

rst 

.$* 

^ 

2100'E,    5nn*S  of  W't      -77- 
cor.  ,  n-12"  preferred 
for  surface  use; 
12-36"  acceptable  for 


surfac< 
use  for  nnbsurfac' 
0-9"  L-AB;  9-24" 
rSL-Cca.  Shales  1 
stratafied  cresty 

Iron  influence. 


,-120" 


300'    E  of  W'a       - 
preferred 
for  surface  use;    1B-42" 
acceptable   for  surface 
use;    42-120"  use  for 
subsurface.     0-1"  SiL-  -J 
Ay,   1-2"  SIL-A2;   2-11" 
CL  \iT~iz  CL-821t   (m2  pr/f2  bk)    -jj 
11-16"  CL-B2jt(m2  pr/ 
m2  bk);   16-24"  CL-B3ca. 
24"+  Cca.      4-6%  complex 
foot  slope  below  sand- 
crest.      Slick   spots 


E  of  Wk 


24-120" 


shale  material: 
60-84"  oxidized 

f7,j    sandy  shales;  84"+ 
dark  shales  with 

s,  Zc  6ulfur  and  gypsum 
*    influence;  10-20* 

complex  side  slopes 
'*     below  sandy  shale 

4^      and  sandstone  crest. 
Some  slick  spot  in- 
fluence on  lower 
slopes    included. 

SB     800'    E,  400'    N  of  Sw 
cor.,  0-12"  preferred 
^5b     surface  material; 
rf       12-24"  use  for  sub- 
^       surface;   24-120"  use 
'->*     below  root  zone. 
£_       0-2"  SiL-Aj;    2-4" 
<■■>*     CL-AB;    4-12"  CL-B2t 
J        (m2  cpr/m2  bk);   12-24"" 
-       CL-B3ca;    24"  Ci;   84"+ 

heavy  clay  loam  with    - 
£_       salt  accumulations. 
2-4%  colluvial  soil 
with  40%  slick  spots.  ~ 

400'    H,  300'  W  of  S^     I 
cor.,  0-6"  preferred 
surface  material; 
6-24"  acceptable  for 
surface  use;  8-35% 
complex  side  slope 
A/C  profile  over 
sandy  shales.      Iron 


6-B%  complex  side 
slope  below  sandy 
shale  crests.      Slope 
to  1S%  in  area. 
Scattered  slick  spots 
0-1"  SiL-Aj;   1-4" 
L-AB;   4-9"  CL-B2J 
(m2  pr/m2  bk);   9-12" 
CL-B3ca;  12"+  Cca. 


;ee  2371-72  «S  lofi. 
Phis  is  a  composite 
lample   corrposed   SO/50 
>f  normal  soil  and 
toil    from  slick  spots. 


t  Sec.   32,  T.    3S  R. 


CONVENTIONAL     AND    SPECIAL   MAP    SYMBOLS 


0   FEATURES 


\i) r,    ttl  J800'    E,    450'    N   of   W"5 

HCL  ^A  cot.  ,  0-120"  use 

?  below  root  zone; 

4-6%  complex  side 

slope  below  sandy 


,j  r     slopes   up  to  35t, 

^=Zf  0-1"  SiL-A]^;   1-S" 

SiCL-AB;    S-18"  C; 

ti     18"+  silt  accumula 


trials 


-%ft. 


o„u. 


encing  p 

";   dark  shale: 

6-12"  sandy 

C  horizon 
ial  with  medii 


below  root  zone. 
0-1"  FSL-Aj;    1-6" 
ESL^AB;    6-14"  SCL-B2 
(cl  cpr/  ml  bk); 
14-30"  B3ca;   30"+ 
sandy  shales.      48"+ 
highly  stratafied 
sandy  and  silty  shal 
40%  slick  spots   in  a 
Side  slope  profiles 


weak,  prisms  having 
translocated  surface 
materials.      Salt 
crystals '24"+. 
Shallower  profiles  o 
upper  slopes. 
OP*     7. 


^r°* 


^~p—m  Hio     1000'   N,  40C 


@  « 


in-lii 


Sample  278 


2-83  is  a  *r~ 
of  a  slick  \\it 
djacent  soil.l 


1  so-so 

usable  reclame 
terial. 


E  of 


r      SW  cor.,  0-6"  pre- 
~      ferred   for  surface 
use;   6-24"  acceptable 

?  24-120"use  for  sub- 
\  surface;    4-6%  complex 
rU  side  slope   with  10% 
"If-  slopes  in  area.      0-3" 
-1*    SiL-A,;    3-6"  L-B2; 
6"+  CX-Cca;   84"+ 
stratafied  LPS  S  rs 
material,    d^i    J»    -•*  •• 


#2     700'    N,    550'    E  of  SW        6» 
cor.,  0-24"  preferred    35-6+ 

h      for  surface  use;  _ilL_,q 

.„       24-48"  acceptable   for   £<~b  + 

T     surface  use;   48-120"     6'*      Bg 

«      use  for  subsurface.     2^"68 

'■'      2-6%  complex  side 
£     slope  with  10%  slick  

w-spots   in  area.  *&'** 

0-2"  SiL-A;    2-7"+SL-AB; 

Et(  7-18"  B2t  (m2  cpr/ 
m2  bk);    1B-30"  B3; 

9k0     30"+  Cca  old  Ap  0-7". 

Tii   Lime  accumulations 

graded  due  to  slick 

2100'   W,   400'    N  of  E^ 
cor.,  0-12"  preferred 


j  use   for  subsurface. 

J  2-4%  complex   collu- 
vial side  slope  below 
sandy  shale  crest. 
0-1"  SIL-A;  1-3"  CL- 
AB;    3-7"  CL-B2it 
(m2  pr/f2  bk); 
7-12"  CL-B22t("^  Pr/ 
m2  bk);   12-24"  CL-B3c« 
24"+  Cca.    Lime  accumu- 


latii 
accumulate 


24"^ 


Cca 
:   48"+. 


8-15%  « 


W*£— -      sandstone  Is  suitable.  (7>\  111 


®^ 


bv  leaching. 

2oon-  w,  loo's  of  r\ 
cor.,  0-12"  preferred— 73 

12-120"  use  below         ~ 
primary  root  zone. 
0-2"  SlL-Aj;    2-7" 
rSL-R2T    'ml   pr/  ml  bk) 
7-12"  SCL-B22 
fm2   cpr/m2   bk); 
12-24"  SCL-B3ca; 
24-36"  qcs;   36"+ 
weathered  shales. 
8-3  5%  complex  side  slope 


E,  700'  S  of  NW  N- 
,  0-12"  preferred 


12-60" 


■ceptable  fo] 


fo 


omplex  colluvial    f. 
lope   below  sand> 
hale  crest.      Perme 
bility  Rood  and  ma. 
ifference   from  (11 
rofile.      0-2"  SiL- 


of   N^       ^ 

;   12-120" 

0-2"  FSL-Ai;    2-4" 
FSL-AB;    4-12"  CL-B2t       ~^ 
(m2  pr/H  bk);   12-18" 
CL-B3ca;   18-30"  CL-         ~1, 
Ccs;   30-42"  iron 


iandl 


42"h 


'  CL- 


2t' 


~*»  2-4%  complex  foot 
slope  with  slopes  ' 
10%  on  upper  slopei 
jxr+t  rax 


@-. 


18"+  Cca  with  lii 
accumulations. 


material;  36-120"  use 
f      below  root  zone.      A/C 

profile  on  8-35%  complt 

sandy  shale  side  slop* 
7j     A/C  profile  with  0-3" 

CL-A;  weak  development 
"     in  C.      Salt  crystals 

36"+.     Average  depth 

at  12".      Profile  betterL 

7     than  overage   for  area.    F       "* 
Ouj,m.       Sfift  1      L_  veil. 


ttl2     12S0'   S,  100'    E  of  NW 

cor.  ,  0-12"  preferred  " 
py      surface  material; 
-*£.      12-24"  acceptable  for 
,,-      surface  use;    24"+ 
>»->»  use   for  subsurface. 

rr"'»     ^~^  xr   ir,-    ^^r 


vdraw, 


jjA/C  profile  on  comple 
cropping 


l^-3i4"6* side  8lope  ldth 

"        "•  ""Ltsandstone     outcroppinj 
.  vrn. — If-ioo-   S.      A/C  profile 


A/C  p: 
with  hard  sand 
fragments  at 
0-6"  CL-AB  o 
Ccs  material 


12". 


WATER    FEATURES 


DAMS 


INFORMATIVE        SYMBOLS 
OVERBURDEN       DEFICIENCIES 


Sodicity 
Unity 
Cloy  (very  fine  texture) 
Coarse  (very  sandy  lextuie) 
Restricted  permeability 
Avoiloble  moifilure  copaclty 
Depth  of  suitoble  overburden 
x    Stoniness 

TOPOGRAPHIC       DEFICIENCIES 

Slope  (including  gradient 
ond  complexity ) 

Indurated    sandstone ,  shole, 

or  baked   rock 

Cover 


' STRUCTURE  ABREVLATIOWS 

sTTc"  "  " 

very    fine    vf 


moderate 

..2 

strong   ... 

-.3 

Type 

platy ; 

prismatic    . 

.pi 
-pr 

blocky   

nng'jlar  bio 

cfcy 

.abk 

subangular 

bio 

ky   .sbk 

granular    , . 

-gr 

single  grain   . 

•98 

MISCELLAtlEOUS 

ABREVIATIONS 

LAND    CLASSIFICATION     SYMBOLS 


adsorpation-i 
ig  volume    

-■*..  CR 


ormotivC    symbols 
E0L0GIC    MATERIAL 
8(l] 


SECTION  20,30.32,13  S.-R  49  E. 


Bureau  or   R£clamation 

RESOURCE   S   POTENTIAL    RECLAMATION   EVALUATION 

PUMPKIN  CREEK  COALFIELD- MONTANA 

PUMPKIN   CREEK   STUDY   AREA 

SEMI -DETAILED  LAND  CLASSIFICATION 


RECOMMENDED__ 
APPROVED 


'11305-600-226 


(^ 


Sec.    22,   T.    3S,   R.    49F 

ill     1100'    C,   200'    N  of  SW 
cor. ,  0-24"  preferred 
„     for  surface  use;    24-96" 
*■*     acceptahlp   for  surface 


Be;   06-120" 

ubsurface.      3-4% 

omplex    foot   slopp 

idy  shale 

9%  slopes 

■  uppei 


■  for 


bel 


@U 


0-1"  SIL-Aj;   1-3"  SIL- 
"-}yf    AB;    3-14"  CL  B2f 

(m2  pr/m2  bk)  14-24" 
iJ&L^lff-    CL-B3;    24"*  Cca. 

Scattered  slick   spots 

.pi       ,'»■"•• 


r  fo 


H,    200'    W   of  SV 
0-12"  preferred 
urface  use;   12-36' 
eceptable   for  surface 


steep  side  slopes 
B-35%;    0-2"  SIL-Ai; 
2-5"  loam  AB;    S-9" 
CL-B2  (m2  pr/m2  bk ) 
9-18"  CL-B3;   18"+  Cy, 
96"+  clinker  and  sand 
stone   fragments. 

S00'  W,  400'    S  of  NE 
cor.,  0-120"  use  below 
root   zone.      4-6* 


r.,,  @ 


,   250' 


F  SE 


€K"3 


below  sandy  shall 
t  crest,  0-2"  SIL. 
'  2-4"  CL-AB;    4-12' 

CL-B2;  (cl  pr/cl 
1 12-1B"  CL-B3ca;   1 

Salt    crystals  at 


"STL  ; 


appr. 


72"+, 


>-120" 


■  for 


t     plex  side  slope  below 
r7T*'  sandy  shale  high.     0-2"" 

SiL-A2;    2-8"  CL-B2t 
■±±    "(mlc   pr/m2   bk);    B-18" 
*  B3cs.      Brittle  material 
«   18"+. 

S3     1200'    E,  350'    N  of  W^ 
-77   cor. ,  0-12"  preferred 

for  surface  use;  12-120" 
i^Ti  acceptable  surface  use.  " 

6-8%  conx>lex  colluvial      . —  ■ 
lope  below  sandy    QS 


@-w  5^    2 


Cca.  Clinker  fragments^! 
at  96"+.  Clinker  bed  -j, 
rock  at  108"*.  Lime  " 
accumulations  36"+. 

1050'  S,  1000'  W  of  NE  ,n 
cor.,  0-12"  preferred      " 

12-36"  acceptable   for  """" 

surface  use;  36-120"  / ■< 
use   for  subsurface. 

6-15%  complex   side 
slope  on  sandy  shale 


>r. ,  0-18"  preferred 


andy 


@        XI 


0-1"  SiL-A;   1-5"  CL-AB;y 

5-10"  CL-B2*(m2  pr/ 

m2  bk);   10-24"  CL-B3      _/m!      **\  llt 


9      700'    W,    350'    N  of   C', 
h  cor.,  0-12"  preferred 

"  12-120"  acceptable  for 

,      surface  use.      2-4% 

#'  fast  slope  below  sandy 

.  r*      CL-Ap;    S-U"   CL-B^ 
es(H2  pr/f2  bk); 
11-18"  Cl-B,ca;    18"+ 


;  8-35% 
slopes  In  area.  0- 
SiL-Aj;  1-3"  CL-AR; 
j,a  3-V  CL-B2t  fm2  pr/ 
m2  bk);  6-12"  CL-B3, 
12"*  Cca.      Profile 


<a_M 


better  than  average 
for  area. 

600'   S,  300'   E  of  NL 
cor.,  0-12"  preferred 
surface  use;    12-66" 
acceptable   for  surfaci 


H10      1000'    S,    600'    W  of   Eli 
,  0-24"  preferred 


e;    66-96"   use    for 

bsurfsce.      2-4%  c 

ex  foot  slope  wit 

'«     eandy  shale  influen 

L-Ai  &  AB;    S 

SiL  B2  -(ml   pr/ml   b 


24-120" 


urfaci 


:ceptable 


©_• 


-®^ 


2-4%  complex    fast    slope    ,. 

below  sandy  shale  t. 

crests.     0-3"  CL-AB;  _fi 

1   3-8"   CL-Bjjj    "(ra2   pr/  " 
m2   bk);    8-14"   CL-Bj^ 

(cl   pr/m2   bk);    14-24"  -£ 
CL^Baca;    24"+  Cca 

with  lime  mttlngs.  ,, 


>-;-;.-  . 


■  Cca.      Bri1 


u\;,,].- 


■ial  i 


36"+ 


/f\  !(5     1000'   S,   500'   W  of  H\ 

\gj- — b     t     cor.,  0-12"  preferred      - 
for  aurface  use;   12-30" 
acceptable  for  surface 
use;   30-120"  use   for 
surface.      4-6%  cor 
'.  i*.    Ple*  9ld*  slope  beloi 

fmm  Slopes  to  15%  in  arei 
"»"*"    0-1"  SIL-Aj;   1-3" 
,.0   CL-AB;   3-12"  CL-Bft 
77"    (m2  pr/f2  bk);    12-16' 
^=kli  CL-83ca;   16"+  Cca. 
"     Salt  crystala   30"* 


shall  O' 
in 


profiler 


lift,  «"-■       '* 
«6     200'   S,  200'   W  of  H\ 
«*    cor.,   0-6"  preferred 
«,     for  surface  use;    6-12" 
"■'J  acceptable   for  surface 

use;    12-54"  use   for 
££  subsurface;    54-84"   use 


Kll^    BOO'   W,    S00'    N  of  SE 

,  0-6"  acceptable        «t 


m-ii  siL-A;    2-5"  CL-AB;  (£\  H 

5-11"  SCL-B2  e8(cl  pr/     ^^^     , 
±±     cl   bk);  11-18"  SCLiB3ca 
'"  18"+  CR;  salt  ervstale 
_t     at  96"+.       top".      s«K 

Sec.    26,  T.    3S,  R.   49E 
HI     450'  W  of  H\  cor., 
,,      0-18"  preferred  for 
FT     surface  use;    18-120" 
,t      use  below  root  tone. 
~    2-6%  complex  colluvial 
„.     side  slope  below 
**     sandy  shale  crests. 

„    Crests  with  slopes    from . 

"~  8-3S%.  0-4"  S1L-A2.  (7 
,,  4-6"  SiCL;  AB  fm2  bk/  > 
TT   fl  bk);    6-10"  SiCL  A. 

BjJ  (n»2  pr/m2  bk); 
i*    10-18"  SICL  B22  —. 

"      (ml  cpr/m2  bk);   18"+ 

Cca;    salt  accumulations- 

at    54"+.      Area  with 

20%;    slick   spots; 
ofile  repr. 


24" 


cor.  ,  0-18"  preferrei 
for  surface  use; 
18-120"  acceptable  f< 
surface  use.    2-4% 
complex   foot  slope 
below  sandy  shale 
crests    ;    0-2"  S1L-A2 
2-4"  CL-AB;   4-10" 
CL-Bi2t   (m2  cpr/ 
n.2  bk);   10-18"  CL- 
B22t  "(d  pr/m2  bk) 
18-30"  CL  B3  ca. 


550'   S,  450'    E  of  NW 
cor.,  0-12'    preferred 
for  surface  use;    12-48 
acceptable   for  surface 
use;   48"+  use  below 
root  zone;    4-6%  com- 
plex side  slope  with 

15%  below  sandy  shale 
crests;  0-2"  SiL-AiJ 
2-S"  CL-AB;    5-10"  CL- 

B2   (ml  pr/mL  bk) 
10-14"  CL-B3ca;    14"* 

Cca;    lime  accumula- 


te 


4-6%  comple 

shale  crest.     0-2" 
SIL-Ai;    2-4"  CL-AB; 
4-12"  CL-B2t    (i"2  pr/ 
m2  bk);   12-18"  CL-B3Ci 
18"+  Cca.      Lime  accu- 
mulations at  18"+. 
10%  slick  spots   in  an 

800'    W  of  E^  cor., 

0-24"  preferred  for 
surface  use;  24-60" 
acceptable   for  sur- 


GU 


-*#■ 


x    foot    V^,l 


0-2" 


2-4*  compl. 
■    slope  beloi 
shale  crests 
SiL-Aj^    2-4"  CL-AB; 
4-10"  CL-B2t    (m2  pr/ 
f2  bk);   10-24"  CL-B3.  ~^~ 
24"+  Cca.      Soft  shale  _« 
at  42"+.      Slick  spots        *■ 
in  area.      Profile  ^J 

better  than  average.         4g 

1700'    W,    200'    S   of  E|j 
cor.  ,  0-18"  preferred  -™ 
for  surface  use;   18-36" 
acceptable  for  aur-  4. 

face  use;  36-120"  use  »' 
for  subsurface.  4-6%  « 
corrplex  colluvial  '* 

side  slopes  below 

Steeper  slopes  in  area.  — 
0-2"  SIL-Axi   2-5"  SiL-  t? 
AB;    5-12"  CL-Bf^ntf        -^ 
pr/m2  bk);   12-18" 
CL-B3S(m2  pr/m2  bk); 
18"+  Cca  with  lime 


S3 


0-2"  SiL-A2;    2-11" 
CL-AB;   11-24"  CL-B2t 
(«2   cpr/m2   bk);    24-30" 
CL-B3.      Salt  accumu- 
lations at   90"+. 
0-2%  colluvial   bottom 
slick   spots   in  area. 
Sulphur  influence 
at  96"+. 

2400'  E,  1000"  N  of 
;,SW  cor.,  0-24"  pre- 
ferred for  surface 
use;  24-48"  use  for 
subsurface;    48-120" 

10-45?,  complex  sandy 
side  slope.      0-3"  LS- 
Ai;    3-5"  LS-AB;    5-18" 
"SL-B2   (cl  pr/ml   bk)     - 
18-24"  B3.    Parent 
^rial  slightly 
tie  24"+.   Dark 
shale  material   48-84". 

600'   S,   200'  \  of  Wjj 
cor.,  0-12"  preferred 
for  surface  use; 
>  12-120"  acceptable 

2-4%  complex  side 
slope  below  sandy 


dK 


B8  150*  S,  100'  E  of  Nil 
cor. ,  0-12"  preferred 
for  surface  use;    12-60" 

1i      acceptable  for  sur- 

T7~     face  use;    60"+  use 

S^i  below  root  zone;  4-6% 
complex  side  slope 

T77    below  sandy  shale 

crest.      0-1"  SIL-Ai; 

.I±.    1-3"  SiL-AB;    3-6" 

CLlB22t   (m2  pr/m2  bk) ; 

(i  6-12"  CL=B22t  (m2  pr/ 
n>2  bk);   12-24"  CL-B3 

s/tK  ca;   24-36"  Cca;   36"+ 
/'**  ^2  weathered  shale 
°  material. 

H9      800'    S,    500'    W   of   NE 

/. z      cor.,  0-18"  preferred 

*»     for  surface  use; 

}/      18-120"  use  for  sub- 

r^T.  surface.  2-4%  com- 
plex side  slope  below 

j^-  shaley  crest;  0-2" 
SiL-A2;    2-7"  CL-B21t 

^_     (ml  cpr/m2  bk);    7-18" 

"      CL  B22t    (c3  pr/n.2  bk); 

{f    18-42"  CL-B3;    42"* 

tt      Cca;  surface  42" 

■.1      very  hard,   dense 


•ngly 


a 


ale 


0-2" 


p-    SiL-A2;    2-4"  CL-AB; 

4-18"  CL:B2t  (m2  cpr/ 
m2  bk);   18-30"  CL-03 ; 

\'.t  30"+  Cca.  Salt  accu- 
mulation at  12"+. 

rj      Slick  spots  scattered 

K5     1300'    E,   300'   S  of  W>j 
-£     cor.,  0-30"  preferred 


by  dark 
layey  shales   out 
rops  at  a  higher 
levation.      Bette: 
urface  materials 


lo 


■  ele< 


inga 


lalt  1 


> 


oft 


:  72" 


ith 


1100"    E,    700'   S   of  W^ 
cor. ,  0-6"  preferred 
for  surface  use;    6-30" 
acceptable   for  surface 
use;   30-48"  use  for 


Slick  spots  : 
area.     Surface  material* 

better  than  a 

5g  V.  k* 

1200'   W  of  H^  cor.,  " 
0-24"  preferred   for 


for 


rf.io. 


?*?*> 


urfac. 


24- ( 


subs  urfaci 


4-6% 


complex  side  slope 
on  sandy  shale  crest. 
A/C  profile  with  dark 
clayey  shale  at   48"*. 
Salt  accumulations  at 


48"+ 


Slii 


k 


scattered  throughout 
the  area.    „ 

500'    N,   400'    E  of  SH 
cor. ,  0-6"  preferred 
for  surface  use;    6-54 
use  for  subsurface. 
6-8%  complex  side 
slope  below  shale 
crests.      Slopes  to 
15%  in  area.      Bedrock 
outcrops 


GU 


acceptable  for  sur- 

2-6%  complex  foot 
slope  below  eandy 
shale  crests  gradient 
increases  on  upper 
levela.     0-3"  SiL- 
Aj  over  a;   2-9"  CL- 
812t    (m2  P»"/m2   bk); 
9-21"  CL-B22^  (c2  pr/ 
m2   bk);    21-24"   CL-B3C* 
24"+  Cca.      No  sodium  1 
60"*;   profile  degraded 

wheat  growth. 


_ 

^fh 

CL 

,,, 

77 

-^ 

t? 

■  I 

-& 

Cl 

- 

, 

to~^ 

CL 

Q-." 


A/C 


salin 


beloi 


and 


I- 6% 


indie 


<a 


crest.      Slopes  to  12%       /"J\  H2    400'  W,  200'  W  of  NE        fa\ 

„     in  area.      A/C  profile,      ^^-^hj  ^      cor.,  0-12"  preferred      )-#—* 


Weathered  shale  mati 

12";    salt  crystals  12" 

#7.     900'   N,  800'  W  of' El, 

cor.,  0-18"  preferred      _ 
for  surface  use;    18-20"    ' 

i<  acceptable  for  surface 
use.      2-4%  complex  ■ 

,  colluvial   I 


preferred 
;   12-60" 
acceptable   for  surface 
use;    60-120"  use  for 
subsurface.      4-6% 
complex  side  slope 
below  sandy  shale  * 

crests  and  clinker 
outcrops.  0-5"  CL- 
AftAB;    S-8"  CL-B2t  £ 


profile 

consolidated  sandstoi 
at  36".  Material  42 
high  in  very   fine  sai 

1200'  N, 
cor. ,  0-6"  prefi 
surface  use;  6-1201 
acceptable  for  surface 
use;  6-8%  complex  side 
slope  below  sandy  shal 
crest  A/C  profile  with 
surface  6"a  loam  AB; 


bel 


;c.    2B,  T.   3S,  R.    49E 

0'  S,  200'  E  of  W 
r. ,  0-12"  use  for  ~ 
bsurface;  18-120"  use 
;one.  2-4%  _ 
omplex  colluvial  foot- 
lope  below  sandy  shale 


1  8-35%.      0-4"  SiCL-AB; 
9"  SiCL-B^I  (ml  pr/- 


f2  I 


-15" 


J22t 


acceptable   for 
!  use.      2-4% 

below  sandy  shale 
,  crests.     0-2"  StL-Aj; 
2-5"  SiL-AB   5-9"  CL- 
B2it   (-"2  Pr/"  pk); 
9-30"  CL-B22t    (m2  pr/ 
m2  bk);   30"+  Cca. 


18-66"  acceptable   for 
surface  use;    66-120" 
use   for  subsurface. 
2-4%  complex  side 
slope  on  gentle 
crest;   0-3"  SiL-Ai; 
3-6"  SiL-AB;    6-12" 
CL-B2f   (ml  cpr/m2  bk) 
12-18"  B3;   1B"+  Cca. 
Weathered  shales  to 
108". 

1600'    E,   650'    N  of  W^ 
cor.,  0-12"  preferred 
for  surface  use; 
12-36"  acceptable  for 

below  root  zone; 
,  4-6%  complex  side 
slope  below  sandy 
shale  crest--slope6 
in  area  varying    from 
8-10%.      0-3"  SiL-Ai; 
3-5"  SIL-AB;    S-ll" 
CL-B2t    ("2  pr/m-f  2bk) 
11-18"  CL-B3  ca. 


B10  1S50'  W,  1050'  N  of  ESj 
,_r_  cor.  ,  0-12"  preferred 
*"       for  surface  use;12-18" 

■j^    acceptable  for  surface 
use;   18-60"  use  for 

-TT    subsurface.      8-10% 
n  t    complex  side  slope 

"'"  below  sandy  shale 
tc      crest.      Slick  spots 

"""  scattered  throughout 
BJ      area.      0-1"  SiL-Ai ; 

5777  1-3"  CL-AB;  3-10"  CL- 
je      B2^    (m2  pr/m2  bk); 

~?7T>   10-18"  CL-B3ca;    18"+ 

fled  semlconso- 
'*■*    lidated  materials. 

Salt   crystals  at  30"+. 

till      900'   S-i   400'   W  of  Eit 
0-18"  preferred 


for  i 


rfaci 


£-7?^ 


18-72"  acceptable   for 
surface  use;    72-120" 
use  for  subsurface. 
10-12%  complex  side 
slope  below  sandy 


■K'l" 


to  15%  in  ; 
0-2"  SiL-Aj;    2-4"  L- 
AB;    4-12"  CL-B2j 
i   (m2   pr/m2   bk);    12-18" 
CL-83ca;  18"+  Cca. 
Thin  4"  layei 


lo, 


24", 


of 
Salt 


subsurface. 

0-2"  L-A2J    2-12"  CL- 

B2t    (cl  cpr/cl   bk); 


shales  and  sand- 


°f  S*    (J) , 

"Ted  foM7TU 


Cca. 


■--■  >;.,!■>■ 


Li  mi 


(m2   pr/m-f2   bk); 
15-30"  SiCL-B3ca;   30"+ 
weathered  soft  shales. 
90"+  hard  sandy  shales. 
12-30"  heavy  texture 
light   clay  content. 
Better  profiles   In 


600'  N,  200'  t  of  SW 
cor. ,  0-30"  preferred 
for  surface  use;   30-120" 


60"+ 


nidations  at  : 
Salt  crystals 
Shales  high  in  very 
fine  sands.  Better 
profiles   in  area. 


Plate  32 


SOIL  PROFILE    NOTES 
PROFILE    REPRESENTS   5'  DEPTH 


STRUCTURE  ABREVIATIONS 
SUc 

very   fine    vf 

fine f 

structureless    ..0 

«"k   1 

moderate 2 

strong 3 

Type 

P'aty    pi 

prismatic    pr 

columnar    cpr 

blocky   bk 

angular  blocky    .ibk 
suban,-ular  blocky   .sbk 
8"nular gr 

single   grain    ...sg 

MISCELLANEOUS   ABREVLATION'S 

sodiun  adsorpation-ratio 

settling  volume    SV 

creviced  <ock CR 


SURFACE    LATER 

OuOliTy  

Depth] 


LAND    CLASSIFICATION     SYMBOLS 
AND  CLASS  — v  . —  Plant  medio  dafkitni 

3  sf 


Sj-fis"  l3"il6l  ■■ 


CONVENTIONAL     AND    SPECIAL    MAP     SYMBOLS 


\      GEOLOGIC    MATERU 


LAN0    FEATURES 
O      Blowout 


INFORMATIVE        SYMBOLS 

OVERBURDEN       DEFICIENCIES 

(for    plant   medio  ) 


n  Cloy  (very  fine  texture) 

v  Coarse  (very   sandy  texture) 

p  Restricted  permeability 

q  Available  moisture  capacity 

d  Depth  of  suitable  overburden 

X  Stonmess 

TOPOGRAPHIC       DEFICIENCIES 

q     Slope  (including  grodlent 

and  complexity) 
r      Indurotea    sandstone ,  shale, 

or  baked  rock. 
c     Cover 


WATER   FEATURES 


X      Grcv 
DAMS 


Jf 


T 


SECTION  22,26,28,1  3S. -R.49E. 


RESOURCE   a   POTENT* 


SEMI-DETAILED  LAND  CLASSIFICATION 


RECOMMEHOEO_ 


»|  1305-600-230 


Plate  33 


11305-600-231 


Plate  34 


EXPLANATION 
ING  MA 
R  THE 

0-0  5 

[•*:*•'•*:]    1.0-1.5 

20-2  5 

TOTAL  OEPTH  OF  TOPSOILING  AND  ACCEPTABLE  SURFACE  MATERIAL  (2) 


ItFply  feet  by  0  3048  t. 


T.  2  S.-R  49  E.  T  3  s      R.49  E 

Section     34  Sections    2.4,8 


jT 


X 


'   EVALUATION 


TOPSOILING        MATERIAL 


«ECOMMENDE0_  _ 
APPROVED 


"""I  1305-600-232 


Plate  35 


ir 


T.  3  S.-R  49  E 
ions        14.16. 20.22 


I    POTENTIAL    RECLAMATION    EVALUATION 


TOPSOILING        MATERIAL 


_  R£CO*tM£HOEO__ 


|  1305-600-233 


Plate  36 


Multiply  (eel  by  0.3048  h 


M 

X 


T.3  S.-R  49  E 
Stclions      26,26.30.32 


TOPSOILING       MATERIAL 


_  RECOM*£NDEO_ 


'I  1305-600-234  I 


Plate  37 


Multiply  feet  by   0.3048 


T  ?  S      R  49  £ 
Sections   14,22,24,26.28 


SHOT    I   OF-* 


'■"7,|  1305 -600 -235 


Plate  38 


INFORMATIVE        SYMBOLS 

OVERBURDEN       DEFICIENCIES 

( for    plont  medio  ) 

a  Sodicity 

s  Salinity 

h  Cloy  (very  fine  texture) 

v  Coorse  (very  sondy  texture) 

p  Restricted  permeability 

q  Avoiloble  moisture  capacity 

d  Oepth  of  suitable  overburden 

x  Stonlness 

TOPOGRAPHIC       DEFICIENCIES 
g     Slope  (including  gradient 

ond   complexity) 
r      Indurated    sondstone,  shole, 

or   baked   rock 
c     Cover 


EXPLANATION 

MATERIAL  SUITABLE   FOR    SUBSURFACE  PLACEMENT 

QUALITY  OF  MATERIAL 


□ 


Depth    to   Subsurface 
Moteriol  (ft) 


i—  Deficiency    Symbols 


-  Total   Quantity  of  Useable 
Subsurface  Moteriol  (ft)-^ 


UsoUle  moienol   for  \ 
ploced-^below  ihe  pri 


_!/  Unless  modified  by  leoch 
Mulliply  feel  by  0  3048  lo  c 


jit 

x 


T.  3  S.     R.49  E 
Sedions  14,18  ,20,22  I 


SUBSURFACE       MATERIAL 


RECOMMENDEO__ 
APPROVED 


'11305-600-237 


LAND  SUITABILITY  SPECIFICATIONS  -  SURFACE  MINE  RECLAMATION 
Suitability  of  Overburden  for  Revegetation  of  Surface-Mined  Areas 
BLM/WPRS  Cooperative  Program  EMRIA 
Pumpkin  Creek  Study  Area 


Toble  24 

United  States 

Dept.  of  the  Interior 

Water  and  Power 

Resources  Service 

July,  1976 


Symbols 
Basic   Information 
Overburden  Character is t  ics   Subclass   and 

Deficiencies 


SOILS  AND/OR  BEDROCK 
Textures 


Fine  sandy  loams  to  clay  loams 


Sodicity  a 

Salinity  (ECxlO-)  s 

Available  Water  Holding  Capacity  q 

Hydraulic  Conductivity  p 


>  36"  of  overburden  that  is 
suitable  for  plant  media 


Sandy  loam  to  silty  clay  loams 

Sandy  loams  sufficiently  coarse 
to  slightly  reduce  productivity, 
moisture  retention  and  may  increase 
erosiveness  slightly 


Profile  should  have  sufficient 
material  for  topdressing,  clayey 
type  materials  that  are  slowly 
permeable  should  be  placed  below 
6"  in  the  reconstructed  profile 


>18"  of  overburden  that  i 
suitable  for  plant  media 


Loamy  sand  to  clay 

Loamy  sand  in  sufficient 
quantity  to  moderately  reduce 
productivity,  moisture 
retention,  and  may  increase 
erosiveness  moderately 

Profile  should  have  suffi- 
cient material  for  topdress- 
ing, placement  of  clay  in 
reconstructed  profile;  per- 
meable 10"  plus;  slowly  per- 
meable 30"  plus 

>10"  of  overburden  that  is 
suitable  for  plant  media 


SAR  not  to  exceed  9.0  in  fine  textured  soils  but  may  be  20.0  with  loamy  sand  textures.   Values  can  be 
slightly  higher  if  compensated  by  adequate  residual  gypsum. 


Less  than  4 


>  1.  5'Vfoot  of  soil 

Adequate  to  provide  a  well  drained 
and  aerated  root  zone  and  an  infil- 
tration rate  adequate  to  prevent 
serious  erosion 


Less  than  8  but  should  have  10" 
of  material  of  less  than  4  for 
surface 

>  1.0*7  foot  of  soil 

Slightly  restricted  which  may 
result  in  some  restriction  of 
drainage  and  aeration  in  the  root 
zone  and  a  reduced  infiltration 
rate 


Less  than  12  but  should  have 
10"  of  material  of  less  than 
4  for  surface 

>  0.75"/foot  of  soil' 

Restricted  to  the  extent 
that  internal  drainage  may 
limit  choice  of  vegetation 
and  require  special  prac- 
tices to  control  erosion 


Cobble  and  Stones  C>  3") 


Weather ability— 
Erodibility 


1  : 


Less  than  5%  in  soil  mass 


Will  break  down  readily  upon 
exposure  to  the  weather 


Susceptible  to  slight  erosion 


Less  than  10%  in  soil  mass 


May  require  short  period  to  break 
down  upon  exposure 


Susceptible  to  moderate  erosion 


Less  than  20%  in  soil  mass 

May  require  extended  period 
to  break  down 

Susceptible  to  severe  erosion 
but  can  be  controlled  with 
proper  management  and  place- 
ment 


TOPOGRAPH^ 


Indurated  Sandstone 

Massive  and  lenticular 


Permissible  surflace  gradient 
0  to  12  with  smooth  slopes 


None 

Not  applicable 


Permissible  surface  gradient 
0  -  20% 


1  to  5%  of  area 


Permissible  surface  gradient 
0  -  35% 


5  to  20%  of  area 


Because  of  anticipated  land  alterations  by  surface  mining,  present  drainage  conditions,  except  the 
hydraulic  conductivity  of  the  material,  are  not  a  factor  in  the  classification. 


1/  Applicable  only  to  bedrock  material. 
2/  Not  applicable  to  bedrock  material. 


Areas  delineated  in  this  class  generally  lack  suitable  material  for  stripping  and  stockpiling  as  surface 
material.   One  or  a  combination  of  the  following  deficiencies  may  result  in  the  use  of  this  class:   (1) 
insufficient  surface  soil  and  bedrock  of  suitable  quality  at  or  near  the  surface;  (2)  topography  which 
prevents  stripping  including  excessive  slopes;  (3)  rocklands  with  large  amounts  of  massive  indurated 
surface  sandstone;  (4)  toxic  overburden  (soil  and  bedrock),  on  or  near  the  surface.   Reclamation  of  lands 
will  require  material  from  outside  the  delineated  area,  from  deep  geologic  strata  or  treatment  of  the 
available  material. 
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This  land  suitability  survey  provides  baseline  data  for  assessing 
reclamation  potential.   It  does  not,  however,  provide  adequate  detail  for 
stripping  and  stockpiling  procedures  during  the  surface  mining  operation. 
Additional  field  borings  and  observations  supported  by  laboratory  data 
will  be  necessary  to  more  accurately  determine  the  quantity,  quality,  and 
location  of  available  material  to  be  stripped  and  stockpiled  for  use  as 
revegetative  media. 

Overburden  Suitability  for  Revegetation 

Soil  Mantle  Suitability 

Based  on  the  field  and  laboratory  data  obtained  from  the  land  suitability 
survey,  it  appears  that  most  of  the  residual,  transported  (alluvial/colluvial) , 
and  alluvial  valley  floor  soils  in  this  study  area  should  yield  about 
6  to  12  inches  of  fair  to  good  quality  topsoiling  material  (Plates  33 
through  36).   This  material,  which  usually  includes  the  A  and  B  horizons, 
is  typically  nonsaline,  nonsodic,  and  moderately  permeable.   Because  the 
A  horizon  of  most  soils  in  the  study  area  is  only  2  to  6  inches  thick, 
selective  stripping  of  this  horizon  from  the  B  horizon  appears  impractical. 
However,  mixing  of  the  A  and  B  horizons  should  not  appreciably  change  the 
physical  and  chemical  properties  of  the  material. 

Many  of  the  soil  profiles  showed  a  moderate  to  strong  increase  in  soluble 
salts,  exchangeable  sodium,  and/or  clay  content  below  12  to  18  inches  in 
depth  (C  horizons).   Therefore,  a  significant  percentage  of  the  available 
subsurface  materials  in  this  study  area  were  classified  as  fair  or  poor 
for  placement  below  the  primary  root  zone  in  reconstructed  profiles 
(Plates  37  through  40) . 

3 
Permeable  material  that  is  moderately  saline  (EC  x  10  <  12.0)  may  be 

utilized  in  areas  lacking  good  or  fair  quality  subsurface  material.   This 

material  should  reclaim  readily  under  natural  leaching  conditions  if 

placed  over  spoils  with  good  internal  drainage  characteristics.   Sodic  or 

clay-rich  materials  should  be  selectively  placed  well  below  the  plant 

rooting  zone  in  reconstructed  profiles. 

Bedrock  Suitability 

A  systematic  evaluation  was  made  of  the  bedrock  core  materials  described 
in  Plates  6  through  15,  Appendix  B.   The  applicable  portions  of  the  land 
suitability  specifications  (Table  24)  provided  criteria  for  the  evaluation 
of  these  materials. 

Although  similar  criteria  were  used  for  both  the  land  suitability  survey 
and  the  bedrock  core  evaluation,  different  suitability  classes  were 
assigned  to  the  core  materials.   These  classes  relate  primarily  to  the 
quality  of  the  bedrock  materials  for  use  as  plant  media  in  revegetation. 
The  classes  are  "suitable,"  "limited  suitability,"  and  "unsuitable."  The 
suitable  class  corresponds  to  Class  1  and  the  higher  quality  Class  2  materials 
in  the  land  suitability  survey;  the  limited  suitability  class  includes  the 
lower  quality  Class  2  materials  and  Class  3;  and  the  unsuitable  class  is 
equivalent  to  Class  6. 
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Bedrock  samples  were  collected  and  analyzed  in  the  laboratory  utilizing 
the  same  procedures  used  to  analyze  the  soil  samples.   Results  of  the 
laboratory  analyses  performed  on  the  core  samples  are  listed  in  Tables  27 
through  36,  Appendix  D.   These  data -include  determinations  of  selected 
trace  metal  concentrations,  which  may  be  particularly  useful  in  identifying 
bedrock  materials  which  are  potentially  toxic  or  deficient  in  various 
elements. 

The  results  of  the  laboratory  analyses,  along  with  the  interpretations 
of  the  core  profile  descriptions,  provided  the  basic  data  used  in  classi- 
fying the  bedrock  materials  as  to  their  suitability  for  use  as  plant 
media.   The  suitability  of  bedrock  materials  is  indicated  in  Table  37, 
Appendix  D,  and  on  each  geologic  log  diagram,  Plates  6  through  15, 
Appendix  B,  under  the  column  titled:   "Suitability  for  Reconstructed 
Profile."  Overall,  approximately  3  percent  of  the  bedrock  materials 
overlying  the  Sawyer/A  Coalbed  in  this  study  were  determined  to  be 
suitable  for  use  as  plant  media;  14  percent  were  of  limited  suitability; 
and  83  percent  were  classed  as  unsuitable.  2/ 

Because  the  type  and  quality  of  bedrock  materials  are  quite  diverse,  the 
physical  and  chemical  properties  important  to  their  use  as  plant  media 
cannot  be  projected  accurately  over  a  wide  range  of  conditions.   Therefore, 
the  quality  determination  of  the  bedrock  materials  applies  only  to  the 
specific  site  where  each  core  was  drilled.   No  attempt  was  made  to 
project  the  data  to  adjacent  areas.   Also,  the  ease  of  separating  and 
stockpiling  bedrock  materials  for  resurfacing  was  not  a  factor  in  the 
classification. 

Although  the  consolidated  bedrock  in  the  Pumpkin  Creek  Study  Area  should 
break  down  readily  upon  weathering,  it  is  generally  unsuited  for  use  as 
revegetative  media  at  or  near  the  surface  in  reconstructed  profiles. 
Notable  deficiencies  of  the  bedrock  materials  often  include  one  or  more 
of  the  following:   fine  texture  (i.e.,  shale),  salinity,  sodicity,  slow 
permeability,  and  erodibility. 

Soil  Inventory 

This  section  provides  additional  information  on  the  soils  occurring  in 
the  Pumpkin  Creek  Study  Area.  Most  of  the  information  is  derived  from 
soil  survey  data  compiled  by  the  Soil  Conservation  Service.  3/ 

Data  presented  in  this  section  include  the  following: 

1 .   Soil  Inventory  maps  of  the  Pumpkin  Creek  Study  Area  showing  the 
soil  types/complexes/associations  mapped  by  the  Soil  Conservation  Service  - 
Plates  41  through  45,  Appendix  D. 


2/  Coalbeds  greater  than  1  foot  thick,  which  overlie  the  Sawyer/A  Coalbed, 
were  not  included  in  the  bedrock  suitability  determination. 

3/  Soil  survey  of  the  Powder  River  Area,  Montana,  USDA  -  Soil  Conservation 
Service,  1971. 
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2.  Soil  series  descriptions  (National  Cooperative  Soil  Survey)  - 
Tables  38  through  60,  Appendix  D  (Note  -  A  number  of  soil  series  names 
originally  listed  in  the  1971  Soil  Survey  Report  have  been  updated  by 
SCS  based  on  additional  data;  however,  this  report  contains  only  the 
original  soil  series  as  listed  in  the  1971  report) . 

3.  Interpretive  ratings  for  selected  soil  uses  -  Table  61,  Appendix  D. 

4.  Engineering  properties  of  the  soils  -  Table  62,  Appendix  D. 

5.  Erosion  Evaluations  (BLM  Form  7310-12)  Correlating  with  USBR 
Point  Site  Soil  Profile  Descriptions  -  Exhibit  3,  Appendix  D. 
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GREENHOUSE  EVALUATION  OF  OVERBURDEN  MATERIALS  1/ 

In  the  past,  surface  mining  for  coal  has  generally  resulted  in  soil 
material  being  buried  beneath  a  mixture  of  spoils.   Spoils  exposed  at 
the  surface  often  originated  from  bedrock  strata  directly  overlying  the 
coal  seam,  resulting  in  a  poor  quality  plant  medium.   In  many  cases, 
this  has  led  to  a  severe  problem  in  revegetation  of  surface-mined  lands. 

Montana  law  now  requires  that:   "All  available  topsoil  shall  be  removed 
from  the  area  of  land  affected  before  further  disturbance  occurs." 
/Rule  VIII (1)  pursuant  to  the  Montana  Strip  and  Underground  Mining  Act, 
1980/.   If  the  mine  operator  proposes  to  use  subsoil  or  bedrock  material 
in  place  of  or  along  with  topsoil,  he  must:   (1)  document  problems  of 
topsoil  quantity  or  quality,  and  (2)  demonstrate  to  the  Montana  Department 
of  State  Lands  that  the  selected  overburden  materials  to  be  used  are 
•equally  or  more  suitable  for  restoring  land  capability  and  productivity. 

The  objectives  of  this  greenhouse  study  were  to: 

1 .  Characterize  soil  and  bedrock  materials  as  plant  growth  media 
in  relation  to  reclamation  and  revegetation  of  potential  coal-mined 
areas,  and 

2.  Conduct  soil  and  plant  analyses  of  selected  materials  for 
identifying  potential  problems  relating  to  toxicity  and/or  nutrient 
deficiencies  that  may  limit  plant  growth. 

Procedures 

Soil  Preparation 

After  the  material  was  removed  from  the  shipping  bag,  the  material  was 
mixed,  and  100  grams  were  set  aside  for  laboratory  analysis.   Two  kilograms 
of  the  material  were  then  placed  in  each  of  two  plastic  lined  half- 
gallon  round  paper  cartons  and  labeled  in  the  following  manner:   each 
carton  carried  the  number  used  by  the  Bureau  of  Reclamation  for  cataloguing 
purposes  during  recovery. 

Field  Capacity 

A  part  of  the  sample  was  placed  in  a  tube  and  water  was  added  to  wet  the 
soil  two-thirds  to  three-quarters  of  the  way  down  the  tube.   At  the  end 
of  the  wetting  period  (48  hours)  the  top  3  cm  of  soil  was  discarded 
while  the  middle  section  was  placed  in  a  soil  moisture  can,  leaving 
about  2-5  cm  of  wet  soil  at  the  bottom  of  the  tube.   The  soil  moisture 
cans  which  had  been  previously  weighed  were  then  weighed  with  the  wet  soil 


1/   This  study  was  conducted  by  the  Department  of  Agronomy,  Colorado  State 
University,  Fort  Collins,  Colorado,  for  the  Bureau  of  Reclamation, 
U.S.  Department  of  the  Interior  under  Contract  No.  6-07-DR-50130  and 
Amendatory  Agreement  No.  1  to  the  same  contract. 
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and  placed  in  a  forced  air  oven  to  dry  at  100  degrees  centigrade  for  at 
least  24  hours.   They  were  then  weighed  again  and  percent  field  capacity 
was  calculated  by  the  formula: 

(VJeight  of  can  +  wet  soil)  -  (weight  of  can  +  dry  soil)  7  (weight  of 
can  +  dry  soil)  x  100  =  %  field  capacity. 

Field  capacity  was  determined  primarily  to  serve  as  a  guide  for  ensuring 
proper  water  management  in  the  greenhouse . 

Fertilizer  Treatment 

Before  planting,  fertilizer  application  of  100  ppm  of  nitrogen  as  reagent 
grade  CadSK^^and  80  ppm  of  P  as  reagent  grade  CaO^PO^^,  in  five  and 
fifty  milliliter  aliquots,  respectively,  was  added  to  each  pot.   This 
was  done  along  with  the  preplant  watering.   Before  the  fertilizer  or 
water  were  added,  150  gms  of  soil  was  removed  from  each  pot  and  saved  to 
be  placed  back  in  the  pot  after  the  seeds  were  added.   All  except  100  ml 
of  the  total  water  was  added  24  hours  before  planting. 

Planting 

The  pots  were  planted  with  40  seeds  of  western  wheatgrass  (Agropyron 
Smithii  var.  Arriba).   The  seeds  were  evenly  spaced  in  the  pots  and 
covered  with  the  150  grams  of  soil  that  had  been  removed  before  fertili- 
zation took  place.   After  smoothing  the  surface  of  the  not,  the  last 
100  mis.  of  water  was  added  and  the  pots  were  covered  with  brown  paper 
to  prevent  evaporation.   The  pots  were  checked  every  dav  to  assure  that 
the  topsoil  remained  moist.   As  the  seeds  started  to  germinate,  the  pot 
was  uncovered  so  as  to  prevent  the  development  of  spindly  plants.   After 
2*g  weeks,  or  approximately  10  cm.  height,  the  plants  were  counted  and 
recorded  for  all  pots,  and  then  the  pots  were  thinned  to  16  plants  and 
randomized.   Pots  were  rotated  1/3  of  the  way  around  the  table  every 
3rd  to  4th  day  to  assure  that  all  pots  were  subject  to  the  same  lighting. 
The  greenhouse  lights  were  set  to  allow  15-16  hours  o^  daylight. 

Daily  Management 

All  pots  were  weighed  daily  and  brought  to  field  capacity  with  distilled 
water.   Nitrogen  as  reagent  grade  (Nl^^SO^  was  added  at  the  rate  of 
50  ppm  21  days  after  planting. 

Harvest 

The  crop  of  wheatgrass  was  harvested  approximately  5C  days  after  planting. 
This  procedure  entailed  cutting  the  plants  at  approximately  2  centimeters 
above  the  surface  of  the  material,  washing  in  a  .IN  HC1  acid  bath, 
rinsing  twice  in  distilled  water,  placing  in  paper  bags  and  drying  at 
60  degrees  centigrade  for  48  hours.   Before  cutting,  the  plants  were 
measured  and  average  height  was  recorded.   After  drying,  in  a  forced  air 
furnace,  the  plants  were  weighed  to  the  nearest  one  hundredth  of  a  gram. 
Selected  samples  were  then  prepared  for  laboratory  analysis. 
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Soil  and  Overburden  Analysis 

Electrical  Conductivity: 

Determined  on  a  1:1  dilution  by  using  a  solu-bridge.   Insufficient  sample 
did  not  allow  for  obtaining  a  saturated  extract,  thus  soluble  salts  were 
determined  on  a  1:1  dilution.   For  interpretative  purposes,  the  electrical 
conductivity  obtained  from  the  1:1  dilution  was  multiplied  by  a  factor 
of  2  to  reflect  the  approximate  EC  of  a  saturation  extract.   The  data, 
however,  are  reported  for  a  1:1  extract. 

Iron,  Zinc,  Copper  and  Manganese 

Determined  on  the  Atomic  Absorption  Spectrophotometer  from  a  DTPA  extract. 

pH 

Determined  with  a  combination  electrode  pH  meter  on  a  1:1  dilution. 

SAR 

Determined  according  to  procedure  in  Agric.  Handbook  No.  60.   The  SAR 
reported  is  based  on  a  1:1  extract.   For  interpretation  purposes,  the 
SAR  was  converted  using  a  calculation  involving  field  capacity  to 
approximate  the  SAR  of  the  saturation  extract. 

Extractable  Phosphorus 

Extracted  with  sodium  bicarbonate  and  determined  colorimetrically . 

Plant  Tissue  Analyses 

Na,  K,  Ca,  Hg,  Fe,  Zn,  Mn  and  Cu  were  determined  on  the  Atomic  Absorption 
Spectrophotometer  from  a  Perchloric  Acid  digest. 

Phosphorus  was  extracted  by  the  Bartons  Reagent  method  and  determined 
colorimetrically. 

Note:   Laboratory  data  is  lacking  for  some  materials  because  of  insufficient 
sample  and/or  because  of  the  lack  of  funding  for  carrying  out  all 
analyses. 

Criteria  for  Interpretation 

The  criteria  as  applied  in  this  study  are  based  on  existing  data  used  for 
evaluating  soil-plant  growth  relationships  on  agronomic  crops. 

The  use  of  these  criteria  was  necessary  due  to  the  lack  of  information 
available  for  the  soil-plant-climatic  environments  associated  with  mined 
lands  in  the  areas  under  investigation. 

The  criteria  used  for  evaluating  salinity  and  sodium  problems  are  thought 
to  be  very  reliable.  However,  the  limits  defined  for  the  other  soil  and 
plant  chemical  characteristics  must  be  considered  as  being  somewhat 
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arbitrary.   They  must  be  considered  as  a  first  approximation,  using 
existing  diagnostic  data,  in  an  attempt  to  identify  and/or  isolate 
potential  problems  associated  with  the  growth  of  plants  on  these  types 
of  materials. 

Soil  Diagnostic  Criteria 

The  following  criteria  are  based  on  current  Colorado  State  University 
soil  testing  evaluation  procedures. 

Available  P 

0  to  3  ppm  -  very  low 

4  to  7  ppm  -  low 

8  to  1 1  ppm  -  medium 

11  +  ppm  -  high 

Available  Zinc 

0  to  0.5  ppm  -  very  low 
0.51  to  .99  ppm  -  low 

1.0  to  1.5  ppm  -  medium 
1.5  +  ppm  -  high 

Available  Iron 

0  to  2.0  ppm  -  low 

2.1  to  4.0  ppm  -  medium 
4.0  +  ppm  -  high 

Available  Copper  and  Maganese 

0  to  0.5  ppm  -  low 
0.5+  ppm  -  high 

SAR 

0  to  10   -  -  low  sodium  hazard 

10  to  15   -  -  medium  sodium  hazard  -  potential  problem 

15  +   -  -  high  -  very  high  probability  that  a  sodium  problem  exists 
and  will  seriously  affect  reclamation  potential 

Note:   The  SAR  values  reported  are  based  on  a  1:1  extract.   For  inter- 
pretive purposes,  the  following  conversion  was  made  to  approximate 
the  SAR  of  a  saturation  extract.   This  procedure  is  not  recommended 
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for  common  use.   Saturation  extracts  were  not  used  because  of  insufficient 
sample. 


,H 


SAR  -J  100  SAR  of 


of  Saturation  Extract  =  J    %  Saturation  at  Field  Capacity  X  1:1  Extract 

Salinity 

<  4  mmhos/cm  electrical  conductivity  -  low 

4  to  8  mmhos/cm  electrical  conductivity  -  moderate  salinity  problem 

>  8  mmhos/cm  electrical  conductivity  -  high  salinity  problem 

Plant  Diagnostic  Criteria 

The  following  criteria  are  based  on  a  general  interpretation  of  existing 
plant  analysis  data.   These  criteria  are  presented  here  mainly  to  evaluate 
the  relationship  between  soil  test  values  and  plant  uptake  data  rather 
than  as  an  indicator  of  a  critical  deficiency  problem.   The  latter  is 
not  possible  because  of  the  lack  of  adequate  data.   No  attempt  has  been 
made  to  identify  toxicity  levels. 

Total  Phosphorus  Total  Zinc 

<  0.1%      critical         <  10.0  ppm    critical 
.1-2.0%     marginal  10-20  ppm      marginal 

>  2.0%      adequate         >  20  ppm      adequate 

Total  Copper 

<  5  ppm  -  potentially  deficient 
5-10  ppm  -  adequate 

>  10  ppm  -  for  some  plants,  copper  levels  in  excess  of  this  amount  may 

indicate  a  potential  toxicity  problem 

Total  Manganese 

<  .2  ppm  -  potentially  deficient 

>  .2  ppm  -  adequate 

Total  Potassium 

0  to  1.0%  -  potentially  deficient 

1.0  to  2.0%  -  intermediate 

>  2.0%  -  adequate 

Total  Calcium 

0  to  0.25%  -  potentially  deficient 

0.25%  or  greater  -  adequate 
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Total  Magnesium 

0  to  0.25%  -  potentially  deficient 
0.25%  or  greater  -  adequate 

Note:   In  many  cases,  the  selected  criteria  was  made  arbitrarily  because 
the  critical  values  for  various  stages  of  growth  of  western  wheatgrass 
are  not  known.   The  selected  ranges  are  used  in  this  text  as  the  reference 
level  for  comparing  yield  vs.  plant  vs.  soil  test  data.   The  levels  used 
must  not  be  interpreted  as  being  valid  for  making  concrete  interpretations. 
False  conclusions  will  result  if  they  are  used  as  such. 

Studies  Performed 

1.  A  greenhouse  study  was  conducted  to  determine  the  relative  yield 
potential  of  western  wheatgrass  among  the  materials  tested  and  to 
correlate  yield  response  with  soil  and  plant  laboratory  characterization 
data. 

2.  Pre-plant  and  post-harvest  soil  analyses  for  available  P  were  conducted 
to  determine  the  effect  of  added  fertilizer  on  the  soil  availability 
index  for  P . 

Soil  characterization  data  are  shown  in  Table  63,  Appendix  E.   Plant 
analyses  data  are  shown  in  Table  64,  Appendix  E.   An  interpretative  summary 
and  suitability  ratings  for  all  materials  tested  are  shown  in  Table  65. 

Summary  of  Results 

1.  The  initial  available  P  level  was  low  to  very  low  in  all  materials 
except  Sample  No.  T-2129,  in  which  it  was  very  high.   The  addition  of 

80  ppm  P  as  fertilizer  P  raised  the  available  P  level  to  a  very  high  level 
as  reflected  in  Table  63,  Appendix  E.   It  appears  that  P  will  be  a  major 
limiting  factor  when  considering  the  use  of  the  materials  as  plant  growth 
media. 

2.  Salinity  and/or  sodium  appear  to  be  the  major  limiting  factors  for 
most  of  the  materials  classed  as  unsuitable  in  Table  65. 

3.  The  P  levels  seem  to  be  very  adequate  in  all  western  wheatgrass  samples 
analyzed  (see  Table  64,  Appendix  E) . 

4.  Iron,  copper,  and  manganese  levels  are  relatively  high  for  western 
wheatgrass  (see  Table  64,  Appendix  E) . 
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5.  The  plant  analyses  data  indicate  an  important  relationship  among 
sodium,  calcium  and  magnesium  levels  in  the  plant.   Data  in  Table  66, 
Appendix  E,  indicate  that  with  high  soil  sodium-low  calcium  levels, 

the  uptake  of  sodium  in  the  plants  was  high  with  subsequent  low  calcium 
and  magnesium  levels.   It  appears  tfiat  this  relationship  exists  not 
only  for  those  materials  having  very  high  SAR  values,  but  also  in  some 
cases  with  materials  having  moderate  to  even  low  SAR  values.   Statistical 
analysis  of  the  data  is  required  to  aid  in  assessing  whether  the  relation- 
ships observed  are  real.   It  does  appear,  however,  that  there  may  be  a 
sodium,  calcium  and  magnesium  vs.  yield  relationship  that  is  significant. 
This  factor  may  not  be  significant  in  terms  of  its  effect  on  successful 
revegetation  but  may  be  important  from  the  standpoint  of  the  nutrient 
quality  of  the  forage  grown  on  these  materials. 

6.  The  data  obtained  indicate  a  number  of  potential  problems  may  exist 
for  those  materials  classed  as  being  "Questionable"  in  Table  65 .   In 
addition,  factors  other  than  those  studied  also  may  be  limiting  growth. 
Thus,  it  is  recommended  that  additional  characterization  of  these  materials 
be  carried  out  before  they  are  considered  as  materials  having  potential 
for  revegetation  purposes. 

7.  The  greenhouse  data  served  as  a  useful  tool  in  stratifying  materials 
in  terms  of  their  productivity  potential.   This  phase  of  the  study  appears 
to  be  very  useful  as  part  of  a  screenable  testing  program.   The  combined 
greenhouse  and  laboratory  data  are  keys  to  identifying  the  nature  and 
extent  of  the  kinds  of  further  evaluations  that  are  needed. 
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HYDROLOGY 

Introduction 

A  basic  understanding  of  the  hydrology  is  necessary  to  assess  potential 
effects  of  mining  on  water  resources  and  to  suggest  alternative  solutions 
to  water  problems  that  may  occur.   This  report  describes  the  hydrologic 
testing,  data  collection,  and  data  analysis  after  1  year  of  intensive 
data  collection  in  the  vicinity  of  the  Pumpkin  Creek  Study  Area.   The 
report  is  the  first  phase  of  a  continuing  study  to  determine  baseline 
hydrologic  conditions  in  the  study  area. 

The  water  resources  investigation  described  in  this  report  encompasses 
the  East  Pumpkin  Creek  Coalfield  (Figure  4) .   A  topographic  divide 
between  tributaries  forms  an  arbitrary  southern  boundary  to  the  study 
area  for  the  water  resources  investigation.   Streamflow  and  water  quality 
data  have  been  collected  on  bordering  streams  since  November  1975. 
Stock  reservoirs  in  the  study  area  were  inventoried  from  aerial  photographs 
and  field  inspections  to  determine  relative  storage  capacities  and  water 
quality.   In  addition,  average  sediment  yield  to  a  reservoir  from  an 
upland  drainage  subbasin  was  estimated  by  indirect  methods  in  the  spring 
of  1977. 

Ground  water  data  were  collected  from  existing  wells  and  springs  inven- 
toried during  the  summers  of  1976  and  1977  and  from  11  test  wells  drilled 
by  the  Geological  Survey  in  the  autumn  of  1976.  1/  Hydrologic  boundaries 
and  properties  of  shallow  aquifers,  principal  direction  of  water  movement, 
and  water  chemistry  were  determined  from  the  data. 

Further  study  will  include  long-term  hydrologic  monitoring  to  obtain  a 
better  understanding  of  the  hydrologic  system  in  the  study  area.  More 
testing  would  be  necessary  if  a  detailed  model  were  to  be  constructed  to 
quantitatively  analyze  water  problems  that  could  occur  from  specific 
mine  plans. 

System  for  Describing  Geographic  Locations 

Wells  and  sites  described  in  this  report  are  specified  by  location 
according  to  the  General  Land  Office  system  of  land  subdivision.   The 
first  three  characters  of  the  location  code  specify  the  township  south, 
S,  of  the  Montana  base  line;  the  next  three,  the  range  east,  E,  of  the 
Montana  principal  meridian.   The  next  two  characters  specify  the  section 
number  within  the  township.   The  final  four  letters  specify  the  location 
within  the  quarter  section  (160-acre  tract),  the  quarter-quarter  section 
(40-acre  tract),  the  quarter-quarter-quarter  section  (10-acre  tract), 
and  the  quarter-quarter-quarter-quarter  section  (2^-acre  tract) .   Subdivisions 
of  a  section  are  designated  A,  B,  C,  and  D  in  a  counter-clockwise  direction, 
beginning  in  the  northeast  quadrant.   If  more  than  one  feature  is  located 
in  a  2^-acre  tract,  consecutive  digits  are  added  to  the  end  of  the 
location  number  in  order  of  inventory.   For  example,  a  well  numbered 
02S49E22DCCA2  would  be  the  second  well  described  in  the  NE^  of  the  SW% 
of  the  SW%  of  the  SE^  of  Section  22,  Township  2  South,  Range  49  East 
(Figure  5) . 


1_/  Lithologic  logs  of  drill  holes  for  test  wells  are  included  as  Exhibit  5 
in  Appendix  F. 
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Surface  Water 

The  study  area  for  the  water  resources  investigation  lies  along  the 
drainage  divide  between  northward-flowing  Pumpkin  and  Mizpah  Creeks. 
The  gently  sloping  divide  has  been  eroded  by  approximately  parallel 
ephemeral  tributaries  to  the  Pumpkin  and  Mizpah  Creeks.   The  tributaries 
flow  northwestward  on  the  west  side  of  the  divide  and  southeastward  on 
the  east  side. 

Direct  runoff  within  the  study  area  can  be  highly  variable:   it  is 
controlled  largely  by  seasonal  weather  conditions,  drainage  slope  and 
area,  catchment  stock  reservoirs,  and  spreader  irrigation.   The  general 
tributary  geometry  is  V-shaped  along  the  upper  reaches,  becoming  U- 
shaped  near  Pumpkin  and  Mizpah  Creeks.   Evidence  of  gully  erosion  during 
periods  of  high  runoff  is  common  along  reaches  of  these  tributaries. 

Peak  discharges  have  not  been  measured  for  drainages  within  the  study 
area.   However,  annual  peak  discharges  have  been  determined  by  slope- 
area  and  peak-stage  methods  for  the  tributary  of  Sixmile  Creek  upstream 
from  the  culvert  located  at  03S48E36CCBC  (Figure  4) .   For  an  effective 
drainage  area  of  0.45  mi   (square  miles),  annual  peak  discharges  have 
varied  from  2  to  74  ft  /s  (cubic  feet  per  second)  since  1973  (Table  67). 
For  comparison,  flood  discharges  were  estimated  for  upper  parts  of  six 
drainage  subbasins  (Table  68  and  Plate  46).   Drainage  area,  main  channel 
slope,  and  average  annual  precipitation  were  used  to  calculate  the  2- 
year  flood  discharges,  which  range  from  7  ft-Vs  for  small  drainage  areas 
to  16  ft-Vs  for  the  largest.   The  25-year  flood  discharges  range  from  81 
to  163  ft3/s.   Runoff  of  this  magnitude  typically  occurs  during  intense 
rainstorms,  which  seldom  last  more  than  1  day. 

Most  surface  water  runoff  is  intercepted  by  stock  reservoirs  or  irrigation 
spreader  dikes  before  it  reaches  Pumpkin  and  Mizpah  Creeks.   Volume  of 
runoff,  evaporation  rate,  and  reservoir  leakage  are  the  major  factors 
controlling  the  storage  potential  of  the  reservoir.   During  years  of 
normal  precipitation,  43  of  the  57  reservoirs  inventoried  in  the  study 
area  are  usually  dry  by  late  summer  (Plate  46) .   The  ephemeral  reservoirs 
are  generally  less  than  3  acres  in  surface  area,  have  depths  greater  than 
6  feet,  and  receive  runoff  from  the  upper  reaches  of  the  drainages. 
Most  existing  hayfield  irrigation  ditches  and  dikes  are  located  in 
tributary  valleys  downstream  from  the  coalfield. 

Pumpkin  and  Mizpah  Creeks  flow  intermittently  in  the  vicinity  of  the 
study  area.   Data  from  water  quality  stations  installed  near  the  study 
area  (Figure  4)  indicated  that  streamflow  is  low  and  can  be  attributed 
mostly  to  local  runoff  and  ground  water  discharge.   Measured  discharge 
did  not  exceed  8.6  ft-Vs  during  periods  of  spring  runoff  in  1976  and 
1977  (Table  69,  Appendix  F) .   Slow  melting  of  snowpack  and  the  presence 
of  numerous  irrigation  diversions  and  stock  reservoirs  along  Pumpkin  and 
Mizpah  Creeks  create  low  streamflow  conditions  at  these  stations.   For 
instance,  aerial  photographs  taken  in  1974  show  13  small  dams  on  Pumpkin 
Creek  between  the  southwesternmost  tributary  of  the  study  area  and  the 
station  Pumpkin  Creek  near  Loesch  (Figure  4) .   Although  no  measurements 
have  been  made  at  these  sites  during  intense  rainstorms,  indirect  methods 
of  flow  determinations  indicate  that  no  high  flows  have  occurred  since 
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Figure  4  — Location  of  East  Pumpkin  Creek  coal  field  and 
selected  water-quality  and  crest-stage  stations. 
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Figure  5  — System  for  describing  geographic  locations 


Tables  67  and  68 


Table  67  -Annual  peak  discharge  for  Sixmile  Creek 
tributary  near  Epsie 


Gage  height 

Date 

(feet) 

June  18, 

1973 

3.18 

Apr.  20, 

1974 

3.13 

Mar.  03, 

1975 

*2.50 

Jan.  18, 

1976 

2.05 

Discharge 
(ft3/s)     Method  of  determination 


74 

70 

5 

2 


Indirect  (Slope-area) 
Estimated 
Estimated 
Estimated 


backwater 


Table  68  -Estimates  of  flood  discharge  for  selected  subbasins 
[Estimates  are  based  on  an  average  annual  precipitation  of  14  inches.] 


Drainage 

Subbasin 

area 

(mi2) 

A 

0.83 

B 

.43 

C 

.39 

D 

.88 

E 

1.07 

F 

.39 

Flood  discharge 
2-yr.  frequency        25-yr.  frequency 
(ft3/s)  (ft3/s) 


13 

7 

7 

13 

16 

8 


139 
82 
81 
145 
163 
103 


the  stations  were  installed.   Streamflow  during  early  summer  and  winter 
is  probably  base  flow  from  ground  water  discharge.   All  the  water- 
quality  sites  have  been  dry  by  late  summer  when  evapotranspiration  was 
most  effective. 

According  to  monthly  field  inspections,  the  Pumpkin  Creek  station  near 
Sonnette,  upstream  from  the  study  area,  recorded  no  flow  from  installation 
in  October  1975  to  October  1978  when  it  was  discontinued.   Similar 
streamflow  conditions  can  be  expected  on  Mizpah  Creek  upstream  from  the 
study  site. 

Surface  Water  Quality 

Single  water  samples  were  withdrawn  from  selected  reservoirs  after 
spring  runoff  in  1977.   The  samples  were  dipped  near  the  shoreline  at  a 
depth  of  about  1  foot.   Because  the  water  surface  of  the  reservoirs  was 
disrupted  by  wind  on  the  day  of  sampling,  some  mixing  of  the  stored 
water  was  possible.   However,  the  close  correlation  of  air  and  water 
temperatures  of  the  samples  indicates  that  some  thermal  stratification 
probably  existed.   Therefore,  the  samples  were  collected  from  the  upper 
more  oxygenated  layer  of  the  water  bodies  and  represent  approximate 
quality  of  the  reservoir  water  and  surface-water  runoff  of  upland  drainages 
in  the  study  area. 

The  samples  collected  from  the  reservoirs  (Plate  46)  were  analyzed  for 

common  constituents  and  some  nutrients  (Table  70,  Appendix  F) .   All 

water  samples  were  generally  low  in  dissolved  solids  and  nutrient  concentrations 

and  high  in  pH.   The  major  cations  from  each  reservoir  were  sodium, 

calcium,  and  magnesium;  the  major  anions  were  sulfate,  bicarbonate,  and 

carbonate.   Although  dissolved-oxygen  concentration  was  not  determined, 

a  significant  concentration  can  be  expected  for  all  the  reservoirs, 

because  of  inadequate  mixing  in  the  water  bodies  and  the  action  of 

photosynthesis  from  abundant  bottom  vegetation. 

Average  annual  sediment  yield  was  estimated  for  subbasin  F  (Plate  46) . 
From  the  age,  sediment  accumulation,  and  effective  drainage  area  of  the 
stock  reservoir  located  at  03S49E22BCA,  an  average  annual  sediment  yield 
of  0.06  ac-ft/mi^  (acre-foot  per  square  mile)  was  computed.   This  estimate 
could  be  lower  than  the  actual  average  yield,  because  sediment  carried 
over  the  spillway  during  periods  of  flooding  is  not  accounted  for  in  the 
computation. 

Water  samples  collected  from  water  quality  stations  on  Pumpkin  and 
Mizpah  Creeks  downstream  from  the  study  area  have  been  analyzed  for 
common  ions  and  some  for  heavy  metals  (Table  69,  Appendix  F) .   Most  of 
the  water  that  flows  at  these  stations  is  derived  from  ground-water 
discharge.   Therefore,  the  water  composition  is  characteristically 
distinct  for  each  of  the  sampling  sites.   For  example,  predominant  ionic 
constituents  in  water  collected  from  Pumpkin  Creek  near  Loesch  (Figure  4) 
are  sodium,  magnesium,  and  sulfate.   Those  from  Mizpah  Creek  at  Olive 
are  magnesium,  sodium,  calcium,  and  sulfate.   The  water  type  for  base 
flow  in  both  Pumpkin  Creek  near  Volborg  and  Mizpah  Creek  near  Volborg 
downstream  from  the  study  area  (Figure  4)  is  sodium  sulfate.   Water  at 
all  stations  has  substantial  amounts  of  nutrients  and  relatively  low 
amounts  of  heavy  metals.   These  levels  are  typical  of  slow  moving  and 
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ponded  streamflow,  which  is  used  by  livestock.   The  only  constituent 
that  is  abnormally  high  for  streamflow  in  this  region  is  boron  in  water 
collected  from  Pumpkin  Creek  near  Loesch  (Table  69,  Appendix  F) . 

Although  the  character  of  water  at  each  sampling  site  is  generally 
consistent  with  time,  some  variation  in  dissolved  solids  concentrations 
results  from  local  surface  runoff  and  changes  in  evapotranspiration 
conditions.   For  example,  dissolved  solids  concentrations  are  typically 
highest  during  the  summer  when  evapotranspiration  is  most  effective  on 
the  base  flow.   Conversely,  concentrations  are  lowest  during  runoff 
periods  when  base  flow  is  diluted.   (Table  69,  Appendix  F) .   An  exception 
to  this  trend  occurs  when  runoff  dissolves  salts  that  have  precipitated 
along  drainage  banks  during  seasonally  dry  periods,  thereby  increasing 
the  dissolved  solids  concentration.   This  situation  is  evident  from 
water  sampled  at  Pumpkin  Creek  near  Volborg  on  December  10,  1975,  and  at 
Pumpkin  Creek  near  Loesch  on  January  7,  1977  (Table  69,  Appendix  F) . 

Ground  Water 

The  Pumpkin  Creek  Study  Area  is  underlain  by  several  aquifers.   The 
shallowest  aquifer  is  the  coal-bearing  Tongue  River  Member  of  the  Fort 
Union  Formation.   The  140-foot-thick  Lebo  Shale  Member  of  the  Fort  Union 
Formation  underlies  and  separates  the  Tongue  River  Member  from  deeper 
aquifers,  which  include  in  descending  order  the  Tullock  Member  of  the 
Fort  Union  Formation,  the  Fox  Hills-Lower  Hell  Creek  aquifer,  and  the 
Madison  Group.   Owing  to  the  low  permeability  of  the  Lebo  Shale,  the 
underlying  aquifers  are  likely  to  be  little  affected  by  surface  mining 
in  the  Tongue  River  Member  of  the  study  area. 

The  water  table  in  the  study  area  occurs  within  the  Tongue  River  Member. 
This  bedrock  unit,  which  is  composed  mainly  of  shale,  siltstone,  fine- 
grained sandstone,  and  coal,  is  areally  continuous  throughout  and  beyond 
the  limits  of  the  study  area.   Because  the  water  table  generally  conforms 
to  the  regional  topography  and  the  water-bearing  strata  are  only  gently 
dipping,  the  unconfined  aquifer  unit  may  be  siltstone,  sandstone,  or 
coal. 

In  the  study  area,  the  water  table  lies  within  or  below  the  Sawyer-"A" 
Coalbed.   However,  the  drilling  and  testing  of  well  02S49E22DCCA1  indicated 
confined  conditions  below  a  thin  shale  parting  within  the  Sawyer-"A" 
Coalbed.   Five  of  eleven  test  holes  drilled  through  the  Sawyer-"A" 
Coalbed  had  water  within  the  coal.   The  water  characteristically  occurred 
in  structural  valleys  or  depressions  of  the  gently  undulating  coalbed 
(Plate  19,  Appendix  C) .   The  rest  of  the  test  holes  were  either  dry  to 
total  depth  drilled  or  had  water  levels  in  a  sandstone  below  the  Sawyer- 
"A"  Coalbed. 

Recharge  to  the  unconfined  aquifer  in  the  study  area  is  limited  by 
evapotranspiration  and  vertical  permeability  of  the  unsaturated  zone. 
Most  potential  recharge  in  the  form  of  soil  moisture  is  lost  to  evapo- 
transpiration.  Water  that  percolates  below  this  zone  is  generally 
perched  above  a  claystone  or  shale  of  low  permeability  before  reaching 
the  unconfined  aquifer.   This  condition  was  evident  from  inspection  of 
drill  cuttings  returned  by  air  circulation  while  test  drilling.   The 
cuttings  indicated  alternating  zones  of  moist  and  dry  strata.   Liquid 
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permeability  tests  were  performed  on  selected  cores  to  determine  approximate 
confinement  ability  of  certain  lithologies  to  vertical  water  movement. 
The  tests  were  run  with  water  similar  in  quality  and  kinematic  viscosity 
to  typical  ground  water  at  the  study  area  to  facilitate  conversion  of 
coefficient  of  permeability  to  hydraulic  conductivity.   Vertical  hydraulic 
conductivity  for  a  silty  shale  sample  from  test  hole  02S49E24BBCD  was 
9.8  x  10   ft/day  (feet  per  day)  and  for  a  claystone  sample  from  test 
hole  03S49E14CDBA  was  4.1  x  10"  ft/day.   The  presence  of  upland  contact 
springs  and  seeps  evident  from  field  observations  and  colored  infrared 
aerial  photographs  further  demonstrate  locally  perched  ground  water. 

The  most  significant  areas  to  recharge  to  the  unconfined  aquifer  within 
the  study  area  are  believed  to  be  along  certain  outcrops  of  clinker. 
Units  of  clinker  are  sandstone,  siltstone,  and  shale  that  have  been 
baked  and  fractured  by  the  burning  of  coalbeds.   These  highly  permeable 
units  occur  almost  entirely  along  the  former  outcrop  of  the  Sawyer-"A" 
Coalbed  and  locally  along  certain  outcrops  of  the  Mackin-Walker  Coalbed 
in  the  study  area  (Plate  17,  follows  page  18).   Ground  water  is  generally 
found  closer  to  land  surface  near  these  outcrops,  especially  in  the 
northern  part  of  the  site  where  the  Sawyer-"A"  clinker  is  most  extensive. 
Examination  of  infrared  aerial  photographs  shows  more  intense  vegetation 
growth  in  tributary  bottoms  of  this  area,  which  may  result  from  greater 
availability  of  water. 

With  respect  to  regional  ground  water  movement  in  the  Powder  River 
structural  basin,  the  East  Pumpkin  Creek  Coalfield  lies  within  a  recharge 
area.   A  small  part  of  recharge  at  the  site  moves  downward  from  the 
aquifer  units  exposed  at  the  surface  to  deeper  aquifer  units  in  the 
Tongue  River  Member.   However,  most  of  the  ground  water  moves  laterally 
northwest  and  northeast  from  the  study  area  toward  Pumpkin  and  Mizpah 
Creeks.   Discharge  to  these  valleys  appears  as  base  flow  in  the  creeks 
or  is  evapotranspired  where  the  depth  to  water  is  shallow. 

Because  of  topography,  geologic  structure,  and  permeability  differences 
of  the  water-bearing  strata  in  the  study  area,  local  ground  water  move- 
ment may  differ  from  the  regional  flow  system.   Although  the  Tongue 
River  Member  may  be  thought  of  as  a  water-table  aquifer  in  a  regional 
sense,  it  contains  many  thin  confined  or  semiconfined  water-bearing 
strata  such  as  siltstone,  fine-grained  sandstone,  or  coalbeds  that 
locally  behave  as  separate  aquifer  units.   Plate  47  shows  the  potentiometric 
surface  of  the  shallowest  aquifer  units  in  the  study  area.   The  direction 
of  ground  water  movement  is  generally  perpendicular  and  downgradient  to 
the  potentiometric  contours.   Similarly,  the  contour  spacing  generally 
reflects  the  flow  gradient.   Except  for  a  few  instances,  the  ground 
water  flow  approximately  follows  the  topography.   In  the  northeast  part 
of  the  study  area,  the  trend  of  the  gradient  is  approximately  southwest 
as  a  result  of  structural  dip  of  the  aquifer  units  in  that  area  (Plate  19, 
Appendix  C) .   Also,  local  unconfined  water  movement,  such  as  is  possible 
in  the  Sawyer-"A"  Coalbed,  is  apparently  influenced  by  irregular  struc- 
tural configurations  of  the  aquifer  base. 

A  drawdown  and  recovery  test  was  performed  on  test  well  02S49E22DCCA1  to 
determine  some  hydraulic  properties  of  the  Sawyer-"A"  Coalbed.  The  test 
well  was  pumped  at  a  flow  rate  of  0.6  gal/min  (gallons  per  minute) 
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for  8  hours.   Water  level  changes  were  observed  in  four  observation 
wells  tapping  the  same  unit  and  located  equidistant  in  a  semicircular 
pattern  around  the  pumped  well.   The  maximum  and  minimum  drawdown  direc- 
tions for  the  test  were  N.  73°E.  and  N.  27°E. ,  respectively.   In  the 
absence  of  irregular  aquifer  geometry  or  limiting  boundary  conditions, 
the  drawdown  differences  suggest  anisotropy  related  to  fractures  in  the 
coal.   The  test  indicated  a  transmissivity  of  20  ft  /day  (feet  squared 
per  day)  and  a  storage  coefficient  of  4.0  x  10"^.   The  hydraulic  conductivity 
was  1.3  ft/day. 

Another  test  was  made  on  well  03S49E07DBDA,  which  taps  a  fine-grained 
sandstone  aquifer  unit  below  the  Sawyer-"A"  Coalbed.   The  well  was 
pumped  at  0.6  gal/min  during  the  single-point  test.   A  transmissivity  of 
400  ft^/day  and  hydraulic  conductivity  of  10  ft/day  were  determined  from 
the  data. 

The  preceding  data  analyses  assumed  that  the  coalbeds  can  be  treated  as 
single,  confined,  and  anisotropic  but  homogeneous  aquifers,  and  the 
sandstones  can  be  treated  as  unconfined  isotropic  and  homogeneous 
aquifers.   Because  of  shallow  penetration  into  the  water  table  and  low 
permeability,  the  remaining  test  wells  were  not  tested  for  hydraulic 
parameters.   These  wells  each  produced  less  than  1  gal/min  after  being 
developed. 

Ground  Water  Quality 

Chemical  and  radiochemical  analyses  of  water  from  the  Tongue  River 
Member  in  the  vicinity  of  the  study  area  are  presented  in  Table  71, 
Appendix  F.   The  water  samples  were  obtained  from  two  developed  springs 
and  several  stock  wells  and  test  wells  which  tap  single  or  multiple 
aquifer  units  of  sandstone,  coal,  or  clinker.   Sampling  depths  range 
from  7  to  150  feet. 

The  dissolved  solids  concentrations  for  samples  of  shallow  ground  water 
range  from  397  to  4,340  mg/1  (milligrams  per  liter).   Sodium,  calcium, 
and  magnesium  are  the  most  abundant  cations.   Calcium  and  magnesium  are 
generally  similar  in  percentage  of  cations  and  generally  less  abundant 
than  sodium.   Sulfate  and  bicarbonate  are  the  most  abundant  anions,  but 
most  analyses  show  sulfate  as  the  predominant  ion. 

The  variability  of  ground  water  quality  in  the  study  area  is  attributed 
to  differing  chemical  environments  that  exist  in  the  shallow  ground 
water  system.   The  abundance  and  composition  of  soluble  minerals  in 
aquifers  and  percolation  zones,  the  flow  path  taken  by  the  water,  and 
the  amount  of  time  water  resides  in  the  ground  are  important  conditions 
that  affect  ground  water  chemistry.   These  conditions  also  complicate 
the  interpretation  of  specific  geochemical  processes  that  might  be 
present.   For  example,  no  apparent  consistency  of  water  constituents  in 
similar  aquifer  units  has  been  noticed.   Analyses  of  water  from  three 
wells  (3,  5,  and  14,  in  Table  71,  Appendix  F) ,  tapping  the  same  massive 
fine-grained  sandstone  aquifer  unit,  plot  at  three  different  locations 
of  the  water-analysis  diagram  of  major  ions  (Figure  6) .   The  same  is 
true  for  analyses  2,  6,  and  16  of  water  from  the  Sawyer-"A"  or  "A" 
Coalbeds  (Figure  6) .   These  inconsistencies  probably  result  from 
differences  in  local  circulation  rates  and  recharge  paths  to  the 
aquifer  units. 
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for  8  hours.   Water  level  changes  were  observed  in  four  observation 
wells  tapping  the  same  unit  and  located  equidistant  in  a  semicircular 
pattern  around  the  pumped  well.   The  maximum  and  minimum  drawdown  direc- 
tions for  the  test  were  N.  73°E.  and_N.  27°E. ,  respectively.   In  the 
absence  of  irregular  aquifer  geometry  or  limiting  boundary  conditions, 
the  drawdown  differences  suggest  anisotropy  related  to  fractures  in  the 
coal.   The  test  indicated  a  transmissivity  of  20  ft  /day  (feet  squared 
per  day)  and  a  storage  coefficient  of  4.0  x  10"^.   The  hydraulic  conductivity 
was  1.3  ft/day. 

Another  test  was  made  on  well  03S49E07DBDA,  which  taps  a  fine-grained 
sandstone  aquifer  unit  below  the  Sawyer-"A"  Coalbed.   The  well  was 
pumped  at  0.6  gal/min  during  the  single-point  test.   A  transmissivity  of 
400  ft^/day  and  hydraulic  conductivity  of  10  ft/day  were  determined  from 
the  data. 

The  preceding  data  analyses  assumed  that  the  coalbeds  can  be  treated  as 
single,  confined,  and  anisotropic  but  homogeneous  aquifers,  and  the 
sandstones  can  be  treated  as  unconfined  isotropic  and  homogeneous 
aquifers.   Because  of  shallow  penetration  into  the  water  table  and  low 
permeability,  the  remaining  test  wells  were  not  tested  for  hydraulic 
parameters.   These  wells  each  produced  less  than  1  gal/min  after  being 
developed. 

Ground  Water  Quality 

Chemical  and  radiochemical  analyses  of  water  from  the  Tongue  River 
Member  in  the  vicinity  of  the  study  area  are  presented  in  Table  71, 
Appendix  F.   The  water  samples  were  obtained  from  two  developed  springs 
and  several  stock  wells  and  test  wells  which  tap  single  or  multiple 
aquifer  units  of  sandstone,  coal,  or  clinker.   Sampling  depths  range 
from  7  to  150  feet. 

The  dissolved  solids  concentrations  for  samples  of  shallow  ground  water 
range  from  397  to  4,340  mg/1  (milligrams  per  liter).   Sodium,  calcium, 
and  magnesium  are  the  most  abundant  cations.   Calcium  and  magnesium  are 
generally  similar  in  percentage  of  cations  and  generally  less  abundant 
than  sodium.   Sulfate  and  bicarbonate  are  the  most  abundant  anions,  but 
most  analyses  show  sulfate  as  the  predominant  ion. 

The  variability  of  ground  water  quality  in  the  study  area  is  attributed 
to  differing  chemical  environments  that  exist  in  the  shallow  ground 
water  system.   The  abundance  and  composition  of  soluble  minerals  in 
aquifers  and  percolation  zones,  the  flow  path  taken  by  the  water,  and 
the  amount  of  time  water  resides  in  the  ground  are  important  conditions 
that  affect  ground  water  chemistry.   These  conditions  also  complicate 
the  interpretation  of  specific  geochemical  processes  that  might  be 
present.   For  example,  no  apparent  consistency  of  water  constituents  in 
similar  aquifer  units  has  been  noticed.   Analyses  of  water  from  three 
wells  (3,  5,  and  14,  in  Table  71,  Appendix  F) ,  tapping  the  same  massive 
fine-grained  sandstone  aquifer  unit,  plot  at  three  different  locations 
of  the  water-analysis  diagram  of  major  ions  (Figure  6) .   The  same  is 
true  for  analyses  2,  6,  and  16  of  water  from  the  Sawyer-"A"  or  "A" 
Coalbeds  (Figure  6) .   These  inconsistencies  probably  result  from 
differences  in  local  circulation  rates  and  recharge  paths  to  the 
aquifer  units. 
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Figure      6 


EXPLANATION 

•8  Water   analysis  from  Tongue  River  Member.    Number    is 
identification  from  table  7  I . 


CATIONS 


PERCENTAGE  REACTING  VALUES 


Figure  6  -Water-analysis  diagram  of  water   in   the    Tongue    River  Member. 


Although  specific  trends  in  the  geochemistry  are  not  apparent  from  the 
available  data,  some  general  observations  can  be  made.   For  instance, 
good  quality  water  having  relatively  low  dissolved  solids  concentrations 
for  the  area  (analyses  8,  12,  14  and  16)  can  occur  at  shallow  depths 
near  potential  local  recharge  areas.   However,  aquifers  having  these 
conditions  are  limited  in  extent  and  are  not  found  throughout  the  study 
area.   Another  general  geochemical  trend  apparent  from  water  analyses  2, 
6,  11  and  12  (Table  71,  Appendix  F)  is  that  sodium  and  bicarbonate  are 
more  dominant  in  water  suspected  of  having  a  long  residence  time  in  the 
aquifer  unit. 

The  only  other  predominant  ions  were  boron  and  strontium  found  in 
analysis  5.   Although  the  concentrations  were  higher  than  in  other 
samples,  they  were  not  unusual  for  water  from  the  Tongue  River  Member. 

Water  Use  and  Supply 

Surface  water  and  ground  water  in  the  Pumpkin  Creek  Study  Area  are  low 
in  quantity  and  fair  in  quality,  but  historically  have  been  used  for 
domestic,  stock,  and  minor  irrigation  use.   Stock  reservoirs  in  the 
upland  drainages  are,  in  many  instances,  the  only  water  supply  avail- 
able to  livestock.   The  perennial  reservoirs  range  in  capacity  from 
about  5  to  50  acre-feet,  with  an  average  of  20  acre-feet.   Many  ephemeral 
reservoirs  supply  adequate  water  for  stock  use  through  late  spring  during 
years  of  normal  precipitation  (Plate  46) .   Some  of  the  spring  runoff  is 
collected  by  spreader  dikes  located  along  tributary  drainages  downstream 
from  the  reservoirs  to  irrigate  hayfields. 

The  remainder  of  the  water  supply  used  for  domestic  and  livestock  purposes 
comes  from  wells  and  springs.   Most  of  the  wells  produce  water  at  a  rate 
less  than  12  gal/min  from  aquifer  units  of  siltstone,  sandstone,  and 
coal  in  the  Tongue  River  Member  of  the  Fort  Union  Formation  below  the 
Sawyer-MA"  Coalbed.   However  two  large  diameter  wells,  03S49EO2CACA  and 
03S49E16AADD,  obtain  water  near  the  land  surface  from  perched  water 
conditions  in  a  thin  coalbed  and  a  sandstone  layer  above  the  Sawyer-"A" 
Coalbed.   Well  03S49E11BADC,  which  is  the  only  well  in  the  study  area 
currently  producing  water  from  the  Sawyer-"A"  Coalbed,  yields  less  than 
2  gal/min.   Springs  03S49E21BCCB  and  03S49E34ABCC  have  been  developed 
for  livestock  use.   Both  springs  issue  from  coal  beds  at  less  than 
4  gal/min. 

Water  sampled  from  the  stock  reservoirs  had  the  lowest  dissolved  solids 
concentration  and  best  overall  quality.   However,  dissolved  solids 
concentration  in  all  water  samples  collected  from  the  study  area  is 
below  suggested  upper  limits  for  drinking  by  cattle  (McKee  and  Wolf, 
1963). 

Mining  Effects  on  Hydrology 

The  effects  of  surface  mining  on  the  area  hydrology  depend  on  the  depth 
to  which  coalbeds  will  be  stripped  and  the  areal  extent  of  mine  develop- 
ment.  The  following  discussion  assumes  that  the  Sawyer-"A"  Coalbed  would 
be  the  deepest  mined  coalbed  in  the  study  area. 
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Ground  water  problems  associated  with  surface  mining  within  the  study 
area  are  expected  to  be  minimal.   In  about  half  of  the  East  Pumpkin 
Creek  Coalfield,  a  mine  floor  (base  of  Sawyer-"A"  Coalbed)  would  be 
above  saturated  rock.   Thus,  dewateeing  would  not  be  necessary.   Plate  47 
is  shaded  in  areas  where  the  potentiometric  surface  is  higher  than  the 
base  of  the  Sawyer-"A"  Coalbed.   This  local  saturation  essentially 
follows  the  ground  water  divide  and  two  linear  depressions  in  the  coal- 
bed  structure.   The  greatest  potential  submergence  of  the  base  of  the 
Sawyer-"A"  Coalbed  is  60  feet  in  the  area  of  03S49E09A. 

Where  the  coalbed  is  saturated,  it  is  likely  to  be  slowly  permeable  and 
dewatering  should  be  slow  and  controllable.   Given  the  condition  of  a 
mine  strip  having  a  shape  approximated  by  a  ^-mile  radius  semicircle  at 
a  depth  of  10  feet  below  static  water  level,  mine  inflow  is  estimated  by 
a  form  of  Darcy's  law  to  be  less  than  10  gal/min  (0.08  f t-^/s)  .   This 
estimate  assumes  an  imposed  hydraulic  gradient  of  0.1  ft/ft  and  a  trans- 
missivity  of  4  ft^/day. 

The  effects  of  mining  on  existing  water  wells  are  expected  to  be  slight. 
Only  one  well  in  the  study  area  taps  the  Sawyer-"A"  Coalbed.   However, 
six  wells  which  tap  deeper  aquifer  units  could  be  removed  by  mining. 
Three  springs  within  the  study  area  also  could  be  consumed  by  surface 
mining. 

The  greatest  potential  adverse  effect  on  the  shallow  ground  water  system 
from  surface  mining  in  the  study  area  would  be  water  quality  degradation. 
Mining  strips  are  possible  localities  of  ground  water  recharge  wherever 
the  head  gradient  is  downward.   Water  polluted  by  mining  operations  such 
as  by  explosives,  fuel  and  oil  spill,  or  contaminated  runoff  from  toxic 
overburden  spoils  could  percolate  below  the  mine  floor  into  deeper 
aquifers.   This  consideration  is  more  important  in  the  northern  and 
eastern  flanks  of  the  study  area  where  water-bearing  units  of  the  Fort 
Union  Formation  generally  dip  away  from  potential  coal  mining  strips. 

Spoils  from  surface  mining  could  cause  changes  in  ground  water  quality. 
The  character  of  these  changes  is  difficult  to  predict  without  mineral- 
ogical  data  of  the  implaced  spoils.   Recharge  to  existing  shallow  aquifer 
units  during  postmining  conditions  is  expected  to  be  small  through 
implaced  spoils,  and  more  significant  near  aquifer  outcrops  to  the  north 
and  west  of  strippable  coal  areas. 

In  general,  unchecked  hydrologic  changes  during  surface  mining  could 
reduce  surface  runoff  and  increase  sediment  loads  to  ephemeral  drainages 
directly  below  mine  cuts.   Little  change  in  streamflow  and  water  quality 
of  Pumpkin  and  Mizpah  Creeks  should  result  from  surface  mining  in  the 
study  area.   Most  of  the  annual  flow  of  these  streams  is  a  result  of 
regional  ground  water  discharge.   The  effects  of  mining  during  periods 
of  high  runoff  are  also  expected  to  be  low  because  the  effective  drainage 
area  through  the  study  area  is  proportionally  small  compared  to  the 
drainage  basin  area  of  each  stream.   In  addition,  stock  reservoirs, 
catchments,  and  irrigation  diversions  presently  located  between  these 
streams  and  potential  surface  mining  strips  would  attenuate  most 
runoff  changes  caused  by  surface  mining. 
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Surface  mine  strips  along  the  Pumpkin  Creek  Study  Area  could  potentially 
remove  12  perennial  and  25  ephemeral  stock  reservoirs.   Reservoirs 
replaced  after  mining  would  be  affected  by  the  infiltration  capacity  of 
reclaimed  spoils,  rate  of  runoff  from  disturbed  areas,  and  quality  of 
the  runoff. 
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CONCLUSIONS 


CLIMATE 


Climate  may  be  a  limiting  factor  for  revegetation  in  the  Pumpkin  Creek 
Study  Area.   Generally,  the  continental-type  semiarid  climate  has  a 
sufficiently  long  frost-free  period  and  adequate  precipitation,  especially 
during  the  early  part  of  the  growing  season,  to  support  the  growth  of 
native  range  plants  on  suitable  plant  growth  material. 

The  average  annual  rainfall  in  this  study  area  is  about  13.8  inches.   Of 
this  amount,  approximately  73  percent  occurs  during  the  growing  season 
(April  through  September) .   The  average  annual  temperature  for  the  area 
is  about  45.1  degrees  F,  with  temperature  extremes  of  108  degrees  F  in 
summer  and  -42  degrees  F  in  winter  being  quite  probable.   The  frost-free 
period  (>  32  degrees  F)  is  estimated  at  100  to  128  days,  and  the  growing 
season  for  hardy  crops  (>  28  degrees  F)  is  approximately  144  days. 

Climatic  factors  that  may  adversely  affect  revegetation  efforts  in  this 
study  area  include:   (1)  below  normal  or  uneven  distribution  of  precipi- 
tation, especially  during  the  growing  season,  (2)  severe  thunderstorms 
and/or  strong  winds  that  cause  erosion,  (3)  late  spring  freezes,  and 
(4)  depletion  of  soil  moisture  by  wind. 

More  detailed  investigations  will  be  necessary  prior  to  mining  to  more 
accurately  determine  probabilities  of  occurrence  of  these  factors. 
This  data  can  then  be  used  to  predict  best  possible  seeding  times  for 
revegetation. 


PHYSIOGRAPHY 

The  Pumpkin  Creek  Study  Area  is  located  in  the  northern  part  of  the 
Powder  River  Basin  in  Powder  River  County,  Montana.   This  basin  lies 
within  the  unglaciated  Missouri  Plateau  section  of  the  Great  Plains 
Physiographic  Province.   Pumpkin  Creek,  a  tributary  to  the  Tongue  River, 
forms  the  western  border  of  the  study  area. 

The  surface  relief  in  the  study  area  is  about  350  feet,  with  elevations 
ranging  from  3350  feet  to  3700  feet. 

Drainage  of  the  study  area  is  accomplished  through  an  extensive  system 
of  branching  natural  drains  (dendritic  pattern) .   The  general  flow  of 
drainage  is  northward  toward  the  Yellowstone  River  via  Pumpkin  Creek 
and  the  Tongue  River. 


COAL  RESOURCES 

The  Pumpkin  Creek  EMRIA  Site,  an  area  of  about  94  square  miles,  is 
located  mainly  in  the  southwestern  part  of  the  Coalwood  Coalfield  on 
the  slightly  westward  dipping  beds  of  the  Tongue  River  Member  of  the 
Paleocene  Fort  Union  Formation. 
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Three  coalbeds:   A,  Sawyer,  and  Mackin-Walker ,  were  evaluated  by  32  drill 
holes.   Coal  resources  -  measured,  indicated,  and  inferred  -  within  the 
site  and  in  beds  more  than  5  feet  thick  under  less  than  1000  feet  of 
overburden  are  191,660,000  short  tons,  1,356,950,000  short  tons,  and 
34,400,000  short  tons,  respectively. 

The  coal  has  an  apparent  rank  of  lignite  A  as  shown  by  the  analyses  of 
17  core  samples.   The  average  Btu  value  of  15  core  samples  of  the  Sawyer 
from  the  site  on  the  as-received  basis  is  6,970;  average  ash  content  is 
6.8  percent;  and  average  sulfur  content  is  0.4  percent.   The  Mackin- 
Walker  has  a  Btu  value  of  7,220,  an  ash  content  of  6.9  percent,  and  a 
sulfur  content  of  1.0  percent. 

A  comparison  of  the  analyses  of  samples  from  the  Sawyer  coalbed  with 
other  analyses  of  Powder  River  region  coal  samples  shows  that  moisture, 
hydrogen,  and  oxygen  contents  are  significantly  higher,  and  volatile 
matter,  fixed  carbon,  carbon,  nitrogen,  and  total  sulfur  contents  and 
heat  of  combustion  are  significantly  lower  in  the  Sawyer  bed  samples.   A 
statistical  comparison  of  the  elemental  compositions  of  the  two  sample 
groups  shows  that  the  Sawyer  bed  has  significantly  higher  contents  of  B, 
Ba,  Mn,  Nb ,  U,  Y,  and  Yb  and  significantly  lower  contents  of  Be,  Co,  Cr, 
Cu,  Ni,  Pb,  Sc,  Se,  and  Th. 

The  sample  of  the  lower  split  of  the  Sawyer  bed  (bed  A)  in  drill  hole 
PWW8  has  a  relatively  high  sulfur  content  of  1.7  percent,  and  presumably 
would  not  be  mined  with  the  rest  of  the  Sawyer. 


GEOLOGY 

The  Pumpkin  Creek  Study  Area  is  in  the  northern  part  of  the  Powder  River 
Basin.   This  deep  sedimentary  basin  is  about  225  miles  long  and  90  miles 
wide.   It  extends  from  the  Yellowstone  River  in  Montana  to  the  North  Platte 
River  in  Wyoming  and  from  the  Black  Hills  of  South  Dakota  to  the  Bighorn 
Mountains  of  Wyoming. 

Bedrock  exposed  in  the  study  area  is  the  Tongue  River  Member  of  the  Fort 
Union  Formation  of  Paleocene  Age.   Unconsolidated  alluvial  and  terrace 
deposits  of  Holocene  and  Pleistocene  Age  mantle  the  valley  floors  and 
benches  along  the  major  drainages. 

Engineering  property  tests  performed  on  bedrock  materials  similar  to 
those  in  the  Pumpkin  Creek  Study  Area  revealed  that  shear  strengths  are 
low.   Slides  can  develop  adjacent  to  high  walls  in  surface  mines,  and 
saturated  alluvial  deposits  and  uncemented  siltstones  and  fine-grained 
sandstone  will  readily  erode  and  flow  into  excavations. 

Excavation  slopes  will  vary  between  minesites  and  will  be  dependent  on 
exposure  time,  moisture  conditions,  material  types,  and  depth  of  cut. 

After  disturbance,  an  increase  of  about  25  percent  will  occur  in  the 
volume  of  the  overburden.   Some  areas  of  the  surface  will  actually  be 
higher  in  elevation  after  mining.   Settlement  will  then  occur  for  several 
years  after  reclamation  until  the  materials  reach  a  stable  condition. 


47 


Three  types  of  instability  are  common  on  reclaimed  coal-mined  areas  in  the 
Northern  Great  Plains.   They  are:   (1)  areawide  settling,  (2)  localized 
collapse,  and  (3)  piping.   Each  form  of  instability  is  affected  by  certain 
variables  in  the  postmining  landscape .~  These  variables  include  the  physical 
and  chemical  characteristics  of  the  overburden,  the  method  and  equipment 
used  in  stripping  and  contouring  operations,  and  the  season  when  these 
activities  occur.   One  or  more  of  these  types  of  landscape  instabilities 
may  occur  on  reclaimed  land  in  the  Pumpkin  Creek  Study  Area. 

Weathering  tests  conducted  on  bedrock  core  samples  from  the  study  area  showed 
that  shale  samples  break  down  more  readily  than  either  siltstones  or  sand- 
stones, but  handling  these  clay-rich  materials  may  be  difficult  because  of 
their  plasticity. 

A  study  of  the  seismic  history  of  the  region  indicates  that  minor  damage 
could  result  to  structures  from  earthquake  shocks. 


OVERBURDEN  -  SOIL  AND  BEDROCK 

Soils  of  the  Pumpkin  Creek  Study  Area  can  be  grouped  into  three  major 
categories  based  on  their  parent  material  and  landform  position.   These  are: 
(1)  residual  soils  developing  over  weathered  shale  or  sandstone  which  occupy 
ridges,  buttes,  and. gentle  to  steep  sideslopes,  (2)  transported  (alluvial/ 
colluvial)  soils  forming  over  mixed  deposits  of  soil  material  and  rock  frag- 
ments which  occur  on  fans,  footslopes,  and  in  swales,  and  (3)  alluvial 
valley  floor  soils  developing  over  deep  water-lain  deposits  on  nearly  level 
bottomlands  adjacent  to  major  tributary  drainages.   The  residual  soils  occur 
over  approximately  78  percent  of  the  study  area;  the  transported  soils  occupy 
about  17  percent  of  the  study  area;  and  the  alluvial  valley  floor  soils  com- 
prise the  remaining  5  percent. 

A  semidetailed  land  suitability  survey  of  the  Pumpkin  Creek  Study  Area  was 
made  to  evaluate  and  characterize  the  overburden  (soil/bedrock  to  a  depth 
of  10  feet)  as  a  source  of  material  for  resurfacing  and  revegetating  the 
area  if  it  is  surface-mined.   This  survey  provides  data  on  the  quantity, 
quality,  and  ease  of  stripping  and  stockpiling  the  usable  material.   Basic 
data  on  the  physical  and  chemical  properties  of  the  soils  and  bedrock  are 
also  provided  by  this  survey. 

Four  land  classes:   1,  2,  3,  and  6  were  established  to  group  land  of  equal 
suitability  for  the  specific  use  of  revegetation.   Class  1  lands  provide  the 
most  desirable  and  plentiful  source  of  easily  stripped  revegetative  material. 
Land  in  this  class  generally  has  surplus  suitable  material  that  can  be  uti- 
lized in  deficient  areas.   Class  2  lands  contain  an  adequate  supply  of  resur- 
facing material  to  revegetate  the  immediate  area;  however,  this  material  is 
slightly  less  desirable  in  quality  or  somewhat  more  difficult  to  strip  and 
stockpile  than  the  material  in  Class  1  lands.   Class  3  lands  are  similar  to 
those  in  Class  2,  except  the  deficiencies  are  more  pronounced  or  a  combination 
of  deficiencies  exists.   Though  they  are  marginally  suitable,  Class  3  lands 
can  generally  meet  the  plant  media  requirements  for  revegetation.   Class  6 
lands  lack  adequate  quantities  of  suitable  material  to  meet  the  needs  for 
revegetation.   If  these  lands  are  disturbed  by  surface  raining,  it  will  be 
necessary  to  borrow  the  material  from  Class  1  or  2  lands  or  modify  the 
material  available  for  revegetation  through  leaching,  chemical  amendments,  etc. 
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The  results  of  the  land  suitability  survey  of  the  Pumpkin  Creek  Study  Area 
expressed  as  a  percentage  of  the  area  are  as  follows:   Class  1  -  14.1, 
Class  2  -  24.4,  Class  3  -  26.0,  and  Class  6  -  35.5. 

Based  on  the  field  and  laboratory  data  obtained  from  the  land  suitability 
survey,  it  appears  that  most  of  the  residual,  transported  (alluvial/ 
colluvial) ,  and  alluvial  valley  floor  soils  in  this  study  area  should  yield 
about  6  to  12  inches  of  fair  to  good  quality  topsoiling  material.   This 
material,  which  generally  includes  the  A  and  B  horizons,  is  typically 
nonsaline,  nonsodic,  and  moderately  permeable. 

Many  of  the  soil  profiles  showed  a  moderate  to  strong  increase  in  soluble 
salts,  exchangeable  sodium,  and/or  clay  content  between  12  and  18  inches 
in  depth  (C  horizons).   Therefore,  a  significant  percentage  of  the  available 
subsurface  materials  in  this  study  area  were  classified  as  fair  or  poor  for 
placement  below  the  primary  plant  rooting  zone  in  reconstructed  profiles. 

A  systematic  evaluation  was  made  of  the  geologic  core  samples  from  Bureau  of 
Reclamation  Drill  Holes  76-101  and  77-102  through  110  in  order  to  determine 
suitability  of  the  bedrock  materials  for  use  as  plant  media. 

A  complete  set  of  laboratory  data,  including  trace  elements,  provided  the 
data  base  necessary  to  evaluate  the  bedrock  materials.   Although  similar 
criteria  were  used  for  both  the  land  suitability  survey  and  bedrock  suita- 
bility evaluation,  different  suitability  classes  were  assigned  to  the  bedrock 
materials.   These  classes  are  "suitable,"  "limited  suitability,"  and 
"unsuitable."  The  suitable  class  corresponds  to  Class  1  and  the  higher 
quality  Class  2  materials;  the  limited  suitability  class  includes  the  lower 
quality  Class  2  and  Class  3  materials;  and  the  unsuitable  class  is  equivalent 
to  Class  6. 

Overall,  only  3  percent  of  the  bedrock  materials  overlying  the  Sawyer/A 
coalbed  in  this  study  area  were  determined  to  be  suitable  for  use  as  plant 
media,  14  percent  were  of  limited  suitability,  and  83  percent  were  classified 
as  unsuitable. 

Excessive  exchangeable  sodium  was  the  major  limiting  factor  for  the  unsuitable 
materials.   In  8  of  the  10  drill  holes,  the  highly  sodic  materials  were 
overlain  by  10  to  35  feet  of  nontoxic  soil  and  bedrock.   However,  the  remaining 
two  drill  holes  were  sodic  to  the  surface.   Placement  of  these  materials  at 
or  near  the  surface  in  reconstructed  profiles  could  seriously  impair  plant 
reestablishment.   Therefore,  these  materials  should  be  selectively  placed 
well  below  the  plant  rooting  zone.   Other  factors  causing  materials  to  be 
classified  as  unsuitable  included  high  salinity,  high  clay  percentage,  and 
slow  permeability. 

The  bedrock  materials  placed  in  either  the  suitable  or  limited  suitability 
class  could  be  utilized  as  subsurface  material  (below  the  primary  plant 
rooting  zone)  on  lands  lacking  an  adequate  supply  of  suitable  material. 
However,  separating  and  stockpiling  these  materials  may  be  difficult. 

Based  on  the  physical  and  chemical  limitations  of  the  soils  and  bedrock 
materials  described  in  this  report,  reconstruction  of  a  profile  suitable 
for  successful  plant  reestablishment  would  be  more  difficult  in  the  Pumpkin 
Creek  Study  Area  than  in  other  study  areas  previously  investigated  in 
southeastern  Montana  under  the  EMRIA  program. 
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GREENHOUSE  EVALUATION  OF  OVERBURDEN  MATERIALS 

Western  wheatgrass  was  chosen  as  the  primary  test  species  for  this  study 
since  it  is  one  of  the  most  abundant  native  plant  species  in  the  western 
United  States  and  will  probably  be  used  in  many  revegetation  operations. 

Based  on  the  results  of  soil  and  plant  analyses  and  calculation  of  relative 
yields,  the  soil  and  bedrock  samples  were  assigned  ratings  of  suitable, 
questionable,  or  unsuitable  for  use  as  revegetative  media. 

The  soil  samples  were  rated  38  percent  suitable,  34  percent  questionable, 
and  28  percent  unsuitable.   The  bedrock  samples  were  rated  12  percent  suit- 
able, 20  percent  questionable,  and  68  percent  unsuitable. 

Salinity  and/or  sodicity  problems  appeared  to  be  the  major  limiting  factors 
for  most  of  the  materials  classified  as  unsuitable.   However,  other  factors 
which  may  have  had  a  role  in  producing  low  relative  yields  included  low 
levels  of  available  phosphorus  and  low  field  capacities. 

The  greenhouse  serves  as  an  excellent  tool  for  stratifying  overburden 
materials  as  to  their  relative  productivity.  However,  it  must  be  noted 
that  the  percentage  results  listed  above  were  obtained  under  controlled 
conditions.   These  results  should  not  be  used  to  predict  revegetation 
potential  under  actual  field  conditions. 


HYDROLOGY 

Surface  Water 

Streamflow  in  the  Pumpkin  Creek  Study  Area  occurs  in  response  to  spring  and 
rainstorm  runoff.   Flow  estimated  for  an  ephemeral  drainage  area  of  1  mi  2 
with  25-year  frequency  may  be  as  high  as  160  ft-Vs.   Most  of  the  runoff  is 
intercepted  by  small  reservoirs  and  hayfield  irrigation  before  reaching 
Pumpkin  and  Mizpah  Creeks. 

Surface  water  quality  is  variable  and  depends  on  local  conditions  of  surface 
runoff,  evapotranspiration,  and  ground  water.   Water  from  selected  perennial 
reservoirs  is  low  in  dissolved  solids  and  nutrients,  but  high  in  pH.  Average 
annual  sediment  yield  to  a  selected  stock  reservoir  was  estimated  to  be 
about  0.06  acre-foot/mi^.   Water  flow  downstream  from  the  study  area  is 
generally  high  in  dissolved  solids  during  base  flow.   Dilution  of  base  flow 
is  noticeable  during  periods  of  surface  runoff. 

Ground  Water 

Shallow  water  occurs  in  permeable  units  of  the  Tongue  River  Member  of  the 
Fort  Union  Formation.   The  potentiometric  surface  of  the  shallowest  ground 
water  generally  conforms  to  area  topography  within  or  below  the  lowest 
strippable  coal.   Local  perching  of  water  is  apparent  above  confining 
layers.   Movement  of  water  is  controlled  by  topography,  structure,  and  local 
recharge.   Hydraulic  conductivities  determined  from  aquifer  tests  in  coal 
and  sandstone  were  less  than  10  ft/d. 
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Ground  water  quality  is  also  variable  and  may  be  attributed  to  circulation 
of  recharge  and  heterogeneous  minerology  along  flow  paths  in  the  Tongue  River 
Member.   Dissolved  solids  concentration  is  low  to  moderate.   The  most  abundant 
cations  are  sodium,  calcium,  and  magnesium.   The  most  common  anions  are 
sulfate  and  bicarbonate. 

Effect  of  Mining  on  Water  Resources 


Ground  water  problems  associated  with  surface  mining  of  the  Sawyer  "A" 
Coalbed  are  expected  to  be  minimal.  Mining  of  strippable  coalbeds  would 
partially  drain  saturated  coal  at  a  slow  rate  in  the  study  area.   One  well 
could  be  dewatered  and  six  wells  and  three  springs  could  be  removed  by  strip 
mining.   The  water  quality  in  aquifer  units  below  the  mined  coalbed  will  be 
unaffected  if  proper  precautions  are  taken  during  closing  of  existing  deep 
wells. 

Surface  mining  would  not  significantly  affect  streamflow  outside  the  study 
area.   However,  mining  could  remove  12  perennial  and  25  ephemeral  reservoirs. 
Dissolved  solids  and  sediment  concentrations  could  increase  in  reservoirs 
downstream  from  mine  strips. 


VISUAL  RESOURCE  CONSIDERATIONS 

According  to  Bureau  of  Land  Management  planning  documents,  the  Pumpkin  Creek 
Study  Area  has  average  scenic  values  with  low  visual  exposure.   The  visual 
resource  is  not  an  important  factor;  therefore,  it  will  not  require  special 
consideration  in  reclamation  planning. 
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RECOMMENDATIONS  FOR  RECLAMATION 


INTRODUCTION 


If  surface  mining  occurs  in  the  Pumpkin  Creek  Study  Area,  the  mine  operator 
will  be  required  to  restore  all  disturbed  areas  "in  a  timely  manner,  either 
to  conditions  capable  of  supporting  the  uses  they  were  capable  of  supporting 
before  any  mining  or  to  conditions  capable  of  supporting  approved  alternative 
land  uses"  /Rule  XVI(5)(c)  pursuant  to  the  Montana  Strip  and  Underground  Mine 
Reclamation  Act  -  Montana  Permanent  Program/ . 

Unless  an  alternative  postmining  land  use  is  desired  by  the  landowner(s)  and 
approved  by  the  Montana  Department  of  State  Lands,  the  main  objective  of  rec- 
lamation in  the  Pumpkin  Creek  Study  Area  will  be  to  establish  a  diverse  vege- 
tative cover  with  an  interspersion  of  vegetative  types  over  the  reclaimed 
land  capable  of  supporting  livestock  and  wildlife.   The  integrity  of  the 
visual  resource  should  be  maintained. 

STABILITY  OF  THE  POSTMINING  LANDSCAPE— 

The  design  of  a  stable  postmining  landscape  in  the  Pumpkin  Creek  Study  Area 
will  require  the  integration  of  several  critical  factors.   These  include: 

(1)  a  detailed  knowledge  of  the  distribution  of  overburden  materials,  with 
emphasis  on  the  delineation  of  highly  sodic  spoils,  (2)  proper  equipment 
selection,  and  (3)  a  consideration  of  seasonal  factors.   For  reclamation  to 
be  successful,  consideration  must  be  given  to  the  entire  landscape,  not 
merely  the  soil  zone. 

Three  forms  of  landscape  instability  are  common  on  reclaimed  coal-mined 
areas  in  the  Northern  Great  Plains.  These  are  areawide  settling,  local 
collapse,  and  piping. 

Areawide  settling  is  common  in  most  postmining  landscapes,  but  appears  to 
cause  only  minimal  disruption.   This  form  of  subsidence  will  probably  be 
most  pronounced  during  the  first  year  following  reclamation  and  will  con- 
tinue at  a  decreasing  rate  for  a  number  of  years.   The  two  major  factors 
influencing  areawide  settling  are:   (1)  texture  of  the  overburden,  and 

(2)  equipment  used  in  spoil  contouring  operations. 

A  significant  quantity  of  overburden  in  the  Pumpkin  Creek  Study  Area  con- 
sists of  fine- textured  material  (shale).   When  disturbed,  this  material 
usually  results  in  more  blocky  and,  initially,  more  porous  spoils  than  does 
coarse-textured  overburden  (sandstone) .   Therefore,  a  greater  degree  of 
areawide  settling  may  be  expected  in  this  area  as  compared  to  an  area  where 
coarse-textured  materials  are  predominant. 

Equipment  used  in  contouring  operations  is  a  critical  factor  influencing 
areawide  settling.   Settlement  is  significantly  less  in  scraper-contoured 


_1/  Groenewold,  G.H.  and  Rehm,  B.W.,  1980  (modified). 
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areas  than  in  dozer-contoured  areas  due  to  the  fact  that  scrapers  more 
effectively  break  down  large  overburden  blocks  and  compact  the  spoil  mass. 
Therefore,  the  degree  of  areawide  settlement  may  be  reduced  by  employing 
scrapers  rather  than  dozers  in  spoil  contouring  operations. 

Local  large-scale  collapse  often  develops  soon  after  contouring  is 
completed.   Development  typically  ends  within  1  year.   This  form  of 
instability  is  predominant  in  precontouring  valleys  where  large,  frozen 
spoil  blocks  are  concentrated  by  mid-winter  dozer  contouring.   Thawing 
of  these  blocks  results  in  local  surface  subsidence.   To  restrict  the 
development  of  local  collapse  features,  the  use  of  scrapers  rather  than 
dozers  should  be  considered  for  contouring  operations  during  the  winter 
months. 

Piping  appears  to  be  a  severe  and  long-term  problem  in  some  postmining 
landscapes.   This  form  of  instability  usually  begins  soon  after  contouring 
ceases  and  may  continue  for  several  years.   In  some  postmining  landscapes, 
piping  has  only  started  to  develop  after  as  much  as  5  years. 

Piping  is  apparently  controlled  by  a  combination  of  physical  and  chemical 
conditions  in  the  spoils.   All  piping  begins  as  a  crack,  either  on  the 
surface  of  exposed  spoils  or  at  the  topsoil-spoil  interface.   In  the  latter 
case,  the  overlying  topsoil  collapses  into  the  pipe  and  is  carried  away. 
Repeated  topsoil  application  is  usually  unsuccessful  in  stopping  the  growth 
and  development  of  piping.   Cracking  of  spoils  is  restricted  to  areas  of 
highly  dispersive  sodic  materials.   The  cracks  allow  access  for  large 
volumes  of  surface  runoff  to  flow  into  the  subsurface  of  the  spoils. 
However,  surface  cracking  alone  will  not  necessarily  result  in  the  develop- 
ment of  piping.   Piping  will  develop  only  if  an  avenue  for  water  movement 
can  result  from  fracturing  within  the  mass  of  spoils  due  to  settling  between 
differentially  compacted  areas  (i.e.,  scraper-contoured  area  adjacent  to 
dozer-contoured  area)  or  within  areas  of  poorly  compacted  spoils  (i.e., 
dozer  contouring  only) . 

Piping  usually  develops  in  nearly  flat  areas,  where  runoff  is  minimal  and 
infiltration  is  maximized.   Thus,  the  final  surface  slopes  in  reclaimed 
areas  must  also  be  recognized  as  controlling  factors  in  the  development  of 
piping. 

Given  the  proper  conditions  of  slope,  near-surface  dispersive  materials, 
and  a  permeable  zone  in  the  base  of  the  spoils,  piping  may  continue  to 
develop  and  disrupt  the  restored  landscape  for  many  years.   Selective 
placement  of  excessively  sodic  overburden  encountered  in  this  study  area 
may  prove  to  be  the  only  effective  means  of  controlling  piping. 

Because  the  postmining  landscape  in  the  Pumpkin  Creek  Study  Area  will  be 
unstable,  structures  should  not  be  built  unless  they  are  specifically 
designed  to  absorb  differential  settlement.   Also,  reconstructed  drainage 
channels  will  require  periodic  maintenance  to  ensure  that  ponded  areas  do 
not  develop  in  areas  of  localized  settling. 
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GRADING  AND  HANDLING  OF  SPOIL  MATERIALS 

Montana  law  presently  requires  that  "All  final  grading  on  the  area  affected 
shall  be  to  the  approximate  original  contour  of  the  land"  /Rule  IV(l)(b) 
pursuant  to  the  Montana  Strip  and  Underground  Mine  Reclamation  Act  -  Montana 
Permanent  Program/.   Furthermore,  the  mine  operator  will  be  required  to 
"transport,  backfill,  compact  (where  advisable  to  ensure  stability  or  to 
prevent  leaching  of  toxic  materials) ,  and  grade  all  spoil  material  to  elim- 
inate all  highwalls,  spoil  piles,  and  depressions"  _/Rule  IV(1) (d)  pursuant 
to  the  Montana  Strip  and  Underground  Mine  Reclamation  Act  -  Montana  Permanent 
Program/ . 

Where  possible,  all  final  grading  and  preparation  of  graded  land  prior  to 
the  redistribution  of  topsoil  should  be  conducted  along  the  contour  to 
minimize  erosion  and  maximize  landscape  stability. 

Based  on  the  results  of  laboratory  analyses  performed  on  samples  from 
10  drill  holes  in  the  Pumpkin  Creek  Study  Area,  it  appears  that  a  significant 
percentage  of  the  bedrock  strata  contain  excessive  levels  of  sodium.   Ideally, 
excessively  sodic  or  other  toxic  materials  should  be  covered  with  a  minimum 
of  8  feet  of  nontoxic  overburden.   However,  based  on  the  data  presented  in 
this  report,  it  appears  as  though  the  quantity  of  nontoxic  overburden  required 
to  accomplish  the  8-foot  covering  may  be  deficient  in  this  study  area. 


EROSION  CONTROL 

Reducing  runoff  and  erosion  and  increasing  the  on-site  conservation  of 
moisture  for  vegetative  establishment  are  feasible  objectives  for  reclaimed 
land  in  the  Pumpkin  Creek  Study  Area.   The  following  procedure  is  recommended 
as  a  means  toward  achieving  these  objectives:   (1)  reduce  the  mean  surface 
slope  in  the  reclaimed  area,  (2)  scarify  the  surface  of  the  regraded  spoils, 
(3)  replace  the  subsoil/ topsoil  and  prepare  a  seedbed,  (4)  conduct  seeding 
and  planting  operations  as  soon  as  possible  after  topsoil  redistribution, 
and  (5)  apply  mulch  to  the  newly  seeded  areas. 

Reducing  the  mean  surface  slope  in  the  reclaimed  area  will  provide  a  more 
gently  sloping  landscape.   A  more  level  landscape  will  increase  the  potential 
for  infiltration  and  moisture  retention  and  decrease  the  potential  for  runoff 
and  sediment  yield.   The  increase  in  moisture  retention  will  be  highly  desirable 
for  plant  reestablishment  in  the  reclaimed  area. 

Prior  to  the  redistribution  of  suitable  plant  growth  material,  the  surface 
of  the  regraded  spoils  should  be  ripped  or  chiseled  in  order  to  (1)  eliminate 
slippage  surfaces  at  the  spoil-topsoil  interface,  and  (2)  provide  a  favorable 
subsurface  medium  for  air/water  infiltration  and  root  penetration.   Ripping 
or  chiseling  should  be  conducted  along  the  contour  wherever  possible  to 
prevent  runoff  and  ensure  maximum  stability. 

Subsoil  and  topsoil  are  often  compacted  by  heavy  machinery  during  the 
redistribution  process.   These  materials  should  be  loosened  by  chiseling 
or  other  means  prior  to  actual  seedbed  preparation  (disking/harrowing) . 
The  loosened  material  will  allow  roots  to  readily  penetrate  its  matrix  and 
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will  also  facilitate  a  higher  rate  of  air/water  infiltration.   All  tillage 
operations  should  be  conducted  along  the  contour  to  prevent  excess  runoff 
and  substantial  loss  of  the  plant  growth  material. 

Seeding  and/or  planting  should  be  conducted  as  soon  as  possible  after  the 
topsoil  has  been  spread  and  a  seedbed  has  been  prepared.   The  establishment 
of  a  permanent  vegetative  cover  as  quickly  as  possible  will  be  the  most 
effective  method  of  controlling  erosion  in  the  reclaimed  area.   A  temporary 
cover  of  small  grains,  grasses,  or  legumes  may  be  required  to  protect  the 
topsoil  until  such  time  as  a  permanent  cover  can  be  established. 

Suitable  mulch  should  be  applied  on  all  newly  seeded  areas  to  control 
erosion,  conserve  soil  moisture,  and  enhance  seed  germination.   The  appli- 
cation of  hay  or  straw  mulch  at  a  rate  of  about  2  tons/acre  should  be 
considered  for  the  Pumpkin  Creek  Study  Area.   To  prevent  substantial  losses 
of  the  mulching  material  due  to  blowing,  the  hay  or  straw  should  be  anchored 
(disked  or  crimped)  to  the  soil  surface. 

REVEGETATION 

Revegetation  of  surface-mined  land  in  the  Pumpkin  Creek  Study  Area  will 
require:   (1)  removal,  segregation,  and  redistribution  of  suitable  plant 
growth  material,  (2)  selection  of  adapted  plant  species,  and  (3)  use  of 
proper  seedbed  preparation  and  planting  procedures. 

Removal,  Segregation,  and  Redistribution  of  Suitable  Plant  Growth  Material 

Montana  regulations  require  that  "All  available  topsoil  shall  be  removed 
from  the  area  of  land  affected  before  further  disturbance  occurs.   The 
operator  shall  segregate  surface  soil  material  (A  and  possibly  portions  of 
underlying  B  and  C  horizons)  from  subsurface  material  (B  and  C  horizons) 
in  the  salvage,  stockpiling,  and  redistribution  of  topsoil"  (Rule  VIII(l) 
persuant  to  the  Montana  Strip  and  Underground  Mine  Reclamation  Act  -  Montana 
Permanent  Program) .   The  segregation  of  surface  soil  material  and  subsurface 
soil  material  is  accomplished  in  a  2-lift  process,  with  the  most  desirable 
plant  growth  material  (topsoil)  being  removed  in  the  first  lift  and  the 
remaining  suitable  material  (subsoil)  being  salvaged  in  the  second  lift. 
Based  on  the  results  of  the  Land  Suitability  Survey  included  in  this  report, 
it  appears  that  a  minimum  of  6  inches  of  fair  to  good  quality  surface 
material  (topsoil)  could  be  removed  in  the  first  lift  from  most  soils  in 
this  study  area  (see  Plates  33  through  36  following  page  26).   This  material 
is  typically  nonsaline,  nonsodic,  and  moderately  permeable.   The  quantity 
and  quality  of  subsurface  material  (subsoil)  in  this  study  area  is  highly 
variable  (see  Plates  37  through  40  following  page  26). 

Ideally,  topsoil/subsoil  redistribution  should  proceed  concurrently  with 
the  mining  operation.   However,  if  stockpiling  of  the  suitable  plant  growth 
material  is  necessary,  the  stockpiles  should  be  selectively  placed  on  a 
stable  area  and  protected  from  erosion,  compaction  and  contaminants  (toxic 
spoils).   Establishment  of  a  quick  growing  vegetative  cover  on  the  stock- 
piles is  probably  the  most  effective  method  of  protection;  however,  other 
measures  such  as  snow  fences,  mulches,  or  chemical  binders  may  also  be 
considered. 
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Before  the  suitable  plant  growth  material  is  redistributed,  the  regraded 
land  should  be  scarified  (ripped)  to  eliminate  slippage  surfaces  and  enhance 
root  penetration.   The  redistribution  "of  subsoil  and  topsoil,  respectively, 
should  proceed  in  a  manner  that  achieves  an  approximate  uniform  thickness 
consistent  with  the  postmining  land  use(s)  and  prevents  excess  compaction  of 
the  spoils  and  suitable  plant  growth  material. 

Finally,  nutrients  (fertilizer)  and/or  soil  amendments  should  be  added  to 
the  surface  soil  layer  in  the  amounts  determined  by  soil  tests.   All  soil 
analyses  should  be  performed  by  a  qualified  laboratory  using  procedures 
approved  by  the  Montana  Department  of  State  Lands. 

Selection  of  Adapted  Plants 

To  comply  with  present  State  regulations,  "A  diverse,  effective,  and 
permanent  vegetative  cover  of  the  same  seasonal  variety  native  to  the  area 
of  land  to  be  affected  .  .  .  shall  be  established  on  all  areas  of  land 
affected  except  water  areas  and  the  surface  area  of  roads  that  are  approved 
as  a  part  of  the  postmining  land  use"  /Rule  IX(1)  pursuant  to  the  Montana 
Strip  and  Underground  Mine  Reclamation  Act  -  Montana  Permanent  Program/. 
Introduced  species  may  be  approved  for  use  by  the  Department  of  State  Lands 
if  appropriate  field  trials  demonstrate  that  the  introduced  species  are  of 
equal  or  superior  utility  for  the  approved  postmining  land  use  or  are 
necessary  to  achieve  a  quick,  temporary,  and  stabilizing  cover. 

Some  important  considerations  in  selecting  plant  species  for  revegetation  in 
the  Pumpkin  Creek  Study  Area  should  include:   drought  resistance,  salt  and 
sodium  tolerance,  resistance  to  winterkill,  palatability,  and  resistance  to 
grazing  pressure.   Of  equal  importance  is  plant  compatability  with  soil  type, 
slope,  aspect,  and  drainage  conditions.   Table  72  is  an  example  listing  of 
adapted  plant  species  and  seeding  rates  which  could  be  considered  for  use  in 
the  Pumpkin  Creek  Study  Area. 

The  establishment  of  a  diverse  vegetative  cover  with  an  interspersion  of 
vegetative  types  over  the  reclaimed  land  will  aid  in  restoring  wildlife 
habitat  in  the  area. 

Seedbed  Preparation  and  Planting 

To  provide  a  plant  medium  favorable  for  air  and  water  infiltration,  as  well 
as  root  penetration,  the  topsoil/subsoil  should  be  chiseled  to  a  depth  of 
18  to  24  inches  prior  to  seedbed  preparation.   Disking/harrowing  should  then 
be  conducted  until  a  suitable  seedbed  is  achieved. 

Seeding  of  grasses  and  legumes  with  a  press  drill  is  usually  the  preferred 
technique;  however,  broadcasting  is  also  widely  accepted.   Drilling  is 
considered  superior  because  the  seed  is  covered  to  a  proper  depth,  rate  of 
seeding  is  controlled,  seed  distribution  is  uniform,  and  soil  compaction  can 
be  accomplished  with  packer  wheels  attached  to  the  drill.   Broadcasting  is 
considered  less  efficient  because  the  seeds  often  perch  on  top  of  the  soil, 
where  germination  and  establishment  are  difficult.   Seed  that  is  broadcast 
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RANGELAND  SEED  MIXTURE- 


2/ 


*A11  seed,  except  for  these,  are  pure  live  seed. 


2/ 


DRAINAGE /LOWLAND  SEED  MIXTURE- 


*A11  seed,  except  for  these,  are  pure  live  seed, 


Table  72 
Sheet  1  of  2 


Western  Wheatgrass 

Thickspike  Wheatgrass 

Slender  Wheatgrass 

Whitmer  Beardless  Wheatgrass 

Pubescent  Wheatgrass 

Alkali  Sacaton 

Green  Needlegrass 

Sainfoin 

Sideoats  Grama 

Indian  Ricegrass 

Four-wing  Saltbush 
*Purple  Prairie  Clover 
*Big  Sagebrush 
*Blue  Flax 
*Western  Yarrow 


Agropyron  smithii 
Agropyron  dasystachyum 
Agropyron  trachycaulum 
Agropyron  inerme 
Agropyron  trichophorum 
Sporobolus  airoides 
Stipa  viridula 
Onobrychis  viciaefolia 
Bouteloua  curtipendula 
Oryzopsis  hymenoides 
Atriplex  canescens 
Petalostemon  purpureum 
Artemisia  tridentata 
Lin urn  perenne 
Achillea  millefolium 


Lbs. /Acre 

4.0 

2.0 

3.0 

3.0 

1.0 

1.0 

3.0 

3.0 

2.0 

1.0 

1.0 

0.25 

0.125 

0.25 

0.25 


Total 


24.875 


3/ 


Green  Needlegrass 
Western  Wheatgrass 
Thickspike  Wheatgrass 
Pubescent  Wheatgrass 
Regar  Brome 
Canada  Wild  Rye 
Cicer  Milkvetch 
Eski  Sanfoin 

*Western  Yarrow 

*Silver  Sagebrush 

*Wild  Rose 

*Western  Snowberry 


Lbs. /Acre 

Stipa  viridula 

2.0 

Agropyron  smithii 

4.0 

Agropyron  dasystachyum 

4.0 

Agropyron  trichophorum 

2.0 

Bromus  bierbersteinii 

1.0 

Elymus  canadensis 

1.0 

Astragalus  cicer 

1.0 

Onobrychis  viciaefolia 

3.0 

Achillea  millefolium 

0.25 

Artemisia  cana 

0.125 

Rosa  spp. 

0.25 

Symphericarpus  occidentalis 

0.25 
18.8751/ 

Total 

2/  From:   Draft  Environmental  Statement  -  West  Decker  Mine,  Bighorn  County, 
Montana,  Montana  Department  of  State  Lands,  1980. 

3/  Rates  listed  are  for  drill  seeding.   For  broadcast  seeding,  rates  should 
.  be  doubled. 
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TREE/SHRUB  INCLUSIONS  FOR  DRAINAGES /LOWLANDS 


Ponderosa  Pine 
Common  Chokecherry 
Skunkbush  Sumac 
Cottonwood 
Willow 

Russian  Olive 
Siberian  Peashrub 
Golden  Current 
Western  Snowberry 
Silver  Buffaloberry 


Pinus  ponderosa 

Prunus  virgin iana 

Rhus  trilobata 

Populus  spp. 

Salix  spp. 

Elaegnus  augustifolia 

Caragana  arborescens 

Ribes  aureum 

Symphoricarpos  occidentalis 

Shepherdia  argent ea 


should  always  receive  some  form  of  mechanical  treatment  to  give  it  suitable 
coverage,  unless  the  bed  is  loose  so  that  natural  sloughing  of  soil  will 
cover  the  seed.  4/ 

Natural  woodland  complexes  (woody  draws)  occur  to  a  minor  extent  in  this 
study  area.   These  complexes  should  be  avoided  during  the  mining  operation, 
if  at  all  possible,  as  they  are  irreplaceable  ecosystems  which  provide 
nesting  cover  and  feed  for  the  game  and  non-game  animals.   If  disturbance 
of  these  complexes  cannot  be  avoided,  the  trees  and  shrubs  should  be  salvaged 
for  transplanting  in  reconstructed  drainages. 

Seeding  and  planting  operations  should  be  conducted  during  the  first  normal 
period  for  favorable  planting  conditions  following  the  redistribution  of 
suitable  plant  growth  material.   In  the  Pumpkin  Creek  Study  Area,  either 
early  spring  or  late  fall  planting  of  grasses  and  legumes  appears  most 
desirable.   If  spring  planting  is  selected,  the  plants  should  be  seeded 
between  early  March  and  late  April  in  order  that  seedlings  may  emerge 
before  the  spring  rains  begin.   If  late  fall  planting  is  chosen,  seeding 
should  be  conducted  after  mid-October  to  prevent  germination. 


POST-RECLAMATION  MANAGEMENT 

Responsibility  of  the  Mine  Operator 

The  period  of  responsibility  under  the  performance  bond  will  begin  when  the 
canopy  cover  of  seeded  species  is  comparable  to  the  approved  standard  5/ 
after  the  last  year  of  seeding,  fertilizing,  irrigating,  or  other  work. 
"Comparable  to  the  approved  standard"  is  defined  as  not  significantly  less 
than  the  approved  standard  with  90  percent  statistical  confidence  for 
herbaceous  vegetation  or  80  percent  statistical  confidence  for  trees, 
shrubs,  or  half-shrubs.   In  no  case  will  an  area  be  considered  comparable 
if  it  is  less  than  90  percent  of  the  approved  standard  /Rule  IX(15)(b)(i)  - 
Montana  Permanent  Program/. 

The  revegetated  areas  and  their  respective  reference  areas  will  be  evaluated 
for  at  least  two  consecutive  years  prior  to  application  for  bond  release 
and  shall  include  the  last  two  consecutive  years  of  the  bonding  period. 
Application  for  bond  release  may  not  be  submitted  prior  to  the  end  o_f  the 
tenth  growing  season  /Rule  IX(15) (b) (ii)  -  Montana  Permanent  Program/. 

On  lands  restored  to  rangeland,  the  reference  areas  and  revegetated  areas 
will  both  be  grazed  at  a  proper  level  (50  percent  or  less  utilization) 
for  at  least  the  last  two  years  of  the  bonding  period.   Vegetation  measure- 
ments these  last  two  years  will  be  on  areas  exclosed  from  grazing  by  agronomy 
cages  or  other  systems  approved  by  the  Department  of  State  Lands 
/Rule  IX(15) (a) (iv)  -  Montana  Permanent  Program/. 


kj   USDA  -  Forest  Service,  General  Technical  Report,  INT-64,  1979. 

5/  Approved  standard  refers  to  an  undisturbed  "reference  area"  chosen  for 

comparative  purposes  to  determine  success  of  revegetation  on  the  reclaimed 

site. 
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Responsibility  of  the  Landowner 

The  landowners  in  the  Pumpkin  Creek  Study  Area  will  resume  responsibility 
for  management  of  the  reclaimed  lands  following  termination  of  the  mine 
operator's  responsibility  period.   To  ensure  that  the  reclaimed  land  remains 
stable  and  productive,  the  landowners  should  implement  proper  range  and 
soil/crop  management  practices. 

On  areas  restored  to  rangeland,  grazing  should  be  limited  to  a  capacity  that 
the  reclaimed  land  is  capable  of  supporting.   Overgrazing  reclaimed  lands 
will  result  in  a  reduced  vegetative  cover,  accelerated  erosion,  and  an 
overall  decrease  in  productivity. 

On  areas  returned  to  cropland,  the  main  objective  of  the  landowner  in 
cultivating  the  land  should  be  sustained  profitable  production.   To  aid 
in  achieving  this  objective,  soil/ crop  management  practices  including  contour 
tillage,  fertilization,  crop  rotation,  weed  and  insect  control,  mulching, 
etc.,  should  be  utilized  whenever  possible. 


HYDROLOGY  RECOMMENDATIONS 

The  proposed  surface  mining  of  the  Sawyer-nA"  Coalbed  in  the  Pumpkin  Creek 
Study  Area  will  result  in  some  alteration  of  the  ground  water,  surface 
water,  and  geochemical  regimes.   The  following  recommendations  are  designed 
to  mitigate  or  minimize  any  deleterious  effects. 

1.   Water  wells  removed  by  mining  could  be  replaced  by  wells  of  similar 
or  better  yield  and  quality  tapping  undisturbed  aquifers  below  the  Lebo 
Shale  Member  of  the  Fort  Union  Formation.   Springs  destroyed  during  mining 
could  be  replaced  by  wells  drilled  to  deep  aquifers  below  the  Lebo  Shale 
Member. 

2.^  Ground  water  contamination  from  pollutants  or  contaminants  produced 
during  mining  operations  could  be  minimized  by  not  allowing  the  pollutants 
to  percolate  below  the  mine  floor. 

3.  Toxic  materials  produced  through  mining  or  unearthed  by  mining 
could  be  removed  from  the  mine  site  or  could  be  isolated  between  impermeable 
layers  well  above  the  premining  water  table  and  away  from  water  courses  to 
minimize  the  effects  of  mine  spoils  on  postmining  ground  water  quality. 

4.  Surface  water  could  be  diverted  around  mine  cuts  to  minimize 
erosion  and/or  sediment  transport  leaving  the  disturbed  areas. 

5.  Premining  reservoirs  or  natural  depressions  removed  with  stripmine 
overburden  could  be  replaced  on  spoils  to  distribute  and  retard  overland 
flow  across  potentially  erodible  materials.   Special  care  to  reservoir 
design  could  minimize  potential  leakage  through  bottom  liners  to  ground 
water  to  minimize  leaching  of  soluble  salts  into  underlying  ground  water 
bodies. 
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6.  The  spoil  surface  could  be  shaped,  contoured,  and  prepared  to 
maintain  premining  quantities  of  catchment  and  infiltration  characteristics. 

7.  Surface  conditioning  of  soil  could  enhance  infiltration  and  maximize 
utilization  of  normal  precipitation. 

Future  Hydrologic  Monitoring 

Continued  streamflow,  ground  water  level,  and  water  quality  monitoring 
is  necessary  to  resolve  seasonal  fluctuations  and  to  define  the  hydrologic 
system  more  completely  in  the  study  area.   Results  from  the  existing  moni- 
toring program  will  constantly  be  analyzed  to  determine  the  need  for  continued 
data  collection. 

Detailed  description  of  water  problems  that  may  occur  from  specific  surface 
mining  cuts  within  the  East  Pumpkin  Creek  Coalfield  is  beyond  the  scope  of 
this  probject.  An  intensive  monitoring  program  would  be  needed  to  provide 
an  accurate  accounting  of  the  impacts  of  each  mine  plan.   Such  a  program 
would  include  monitoring  water  quantity  and  quality  of  livestock  reservoirs, 
ephemeral  streams,  and  ground  water  downgradient  from  the  mine  plan  from  the 
time  of  mine  planning  through  reclamation. 
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APPENDIX  A 
ENGLISH  TO  METRIC  CONVERSIONS 


ENGLISH  TO  METRIC  (SI)  CONVERSIONS 

A  dual  system  of  measurements — English  units  and  the  International  System 
(SI)  of  metric  units — is  given  in  this  report.   SI  is  a  consistent  system 
of  units  adopted  by  the  Eleventh  General  Conference  of  Weights  and 
Measures  in  1960.   Selected  factors  for  converting  English  units  to  SI 
units  arc  given  below. 


Multiply  English  Units 

By_ 

Inches 

25.40 

2.54 

0.254 

0.0254 

Feet 

0.3048 

Square  Feet 

0.0929 

Miles 

1.609 

Pounds 

453.60 

Ton 

0.9072 

Acres 

0.4047 

0.004047 

Square  miles 

2.590 

Cubic  inches 

16.39 

Gallons 

.003785 

Acre-feet 

.001233 

1233.00 

Feet  per  mile 

0.1894 

Inches  per  hour 

2.54 

Feet  per  day 

.3048 

Pounds  per  square  inch 

70.32 

Atmospheres 

1033.27 

Bars 

1019.78 

Pounds  per  cubic  foot 

0.01602 

Pounds  per  acre 

1.1206 

Feet  squared  per  day 

0.0929 

Cubic  feet  per  second 

0.02832 

Gallons  per  minute 

0.06309 

Cubic  feet  per  second  per 

0.01093 

square  mile 
Cubic  feet  per  day  per 
square  foot 
Pounds  per  square  yard 

per  hour 
Pounds  per  square  foot 

per  hour 
Btu  per  pound 

Degree  Fahrenheit 


Tc  = 


0.3048 


0.5426 

4.8827 
0.556 

Tf-32 
1.8 


To  Obtain  SI  Units 

millimeters  (mm) 

centimeters  (cm) 

decimeters  (dm) 

meters  (m) 

meters  (m) 

square  meters  (m  2j 

kilometers  (km) 

grams  (g) 

tonne  (t) 

hectares  (ha) 

square  kilometers  (knr) 

square  kilometers  (knr) 

cubic  centimeters  (enr  ) 

cubic  meters  (nr  ) 

cubic  hectometers  (hm-* ) 

cubic  meters  (m3 ) 

meters  per  kilometer  (m/km) 

centimeters  per  hour  (cm/h) 

meters  per  day  (m/d) 

grams  per  square  centimeter 

(g/cm2) 
grams  per  square  centimeter 

(g/cm2) 
grams  per  square  centimeter 

(g/cm2) 
grams  per  cubic  centimeter 

(g/cm3) 
kilograms  per  square 
hectometer  (kg/hm2) 
meters  squared  per  day 
(m2/d) 
cubic  meters  per  second 

(m3/s) 
liters  per  second  (1/s) 
cubic  meters  per  second  per 
square  kilometer  l_   (m  /s)  fkmfT 
cubic  meters  per  day  per 
square  meter  (m  /d)/m 
kilograms  per  square  meter 
per  hour  (kg/m  /h) 
kilograms  per  square  meter 
per  hour  (kg/m2/h) 
kilogram  calories  per  kilo- 
gram (kca]/kj;) 
degrees  Celsius  (°C) 
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ments) 154.5  to  155.0';  core  lengths 
6  to  24". 


fE*TURE  mffi  ram  nm&r 


EMRIA  No.    11 


GEOLOGIC  LOG  OF  DH     76-101 


GCOLOCf  .  5.  JLViSifES. 


mx  AtvnomL  -. 
Artmov£D 
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Plate  6 
Sheet    2  of  2 


PuopHn   Creek    Cfjdv   Arcs 
l'4un   Creek   Coalfield 


GEOLOGIC  LOG  OF  DRILL  HOLE 


D       1278/7*6        ptpxHOFOvEB 
265.0'    0395.0')    12/7/76 


at    314.5' 
12/8/76.      6"  Cs  at 
11.0'.      Pulled    6" 
Cfl    and    backfilled 


170.8-173.9   SHALE:      Medium   I 


core  lengi 
.73.9-178.' 


COAL:  Black;  moist;  broken 
visible  (or  Inspection  as  coal  was 
led  and  bagged  In  field. 

-204.0  SHALE  WITH  SANDSTONE:   Shall 


igen 


ale; 


laminated;    very   slight   HC1    reaction; 
black  and  carbonaceous  178.4   to  179.0, 
179.1    to   180.2  and    182.5   to  183.4'; 
coal    179.0   to   179.1    and   180.2    to   180.4' 
sandstone   183.5   to  165.8,    186.6  to 
187.2.    190.4   to  190.8  and   192.1  to 
193.3";   hard,    claystone  concretion 
190.5   to   190.7';    alley   and    laminated 
201.5  to  204.0';   core  lengths  3  to  24". 

204.0-232.3   SILTY   SHALE  AND   SILTY   SAND- 


',    moderately 


clayst 

one  cone 

retlon  212.1  to  212.2'; 

S"  coa 

1  at  222 

3'-  60°  sllckensldes  at 

215.0 

and  215. 

' ;  calcareous  shale 

215.1 

to  215.3 

;  core  lengths  3  to  24". 

232.3-2 

65.9  SHALE  WITH  SILTY  SANDSTONE: 

Shale 

Is  medium  gray,  moist  and  moder- 

:lrm  <tr 

difflc 

ulty);  s 

indstone  la  sllty,  very 

);  moist;  alight  HC1 

on;  35° 

racture  at  233.3';  65° 

allcka 

nside  at 

239.5';  sandstone  233.6 

to   234 

.5,  235. 

to  236.0,  237.0  to 

238.5. 

243.0  t 

>  245.2,  249.5  to  250.9, 

257.4 

to  259.2 

and  260.6  to  260.8' ; 

alllceou 

slltstone  259.2  to 

259.5' 

;  shale 

s  slightly  carbonaceous 

below 

264.5'; 

hales  air  slack;  sand- 

stones 

tend  to 

wash  away  during  drlllln( 

EMRIA   No.    11 


GEOLOGIC  LOG  OF  DRILL  HOLE 


265.0'    (3395.0')    12/7, 


265.9-299.0  COAL:   Black;  moist 

;  allgh 

luater;  occasional  vertical  ha 

lrllne 

fractures;  only  small  amount  c 

f  coal 

visible  for  Inspection  as  coa! 

bagged  and  sampled  In  the  flel 

d. 

299.0-314.5  SILTY  SHALE:   Light 

to 

medium  gray;  moist;  fins;  dlf: 

leu  It 

trimming  by  knife;  bedding  not 

readll 

discernible;  weak  HC1  reaction 

unceoented  alltstone  or  clayey 

slltst 

302.6  to  304.0,  304. S  to  305.5 

312.0  to  314.0';  hard,  cement* 

d  elay- 

stone  304.0  to  304.5,  305.5  tc 

306.8, 

312.0  to  312.1  and  313.2  to  3 

fine  grain  sllty  sandstone  314 

.0  to 

314.5'. 

;«".' 


SpJaJx  rJali.  CcaillfilS8. 


AMATTON    EVALUATION 


GEOLOGIC  LOG  OF   DH     76-101 


0  APPROVAL  _ 

1  APPROVAL.    _ 
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GEOLOGIC  LOG  OF  DRILL  HOLE 


Pumpkin   Creek   Study 
Pumpkin  C  — ' 

77-10.2        L 


105.2'       0414.8')      8/22/7 


12/9/76  -  Set  ! 
drl 1 1  and  took 

e  samples  0-6'. 

1/6/77  -  Hole  < 


8/18/77  -  Hole 
11'.  6"  Cs  at 
Hq  wireline  cor 
11.0-94.5'.  Dr 
reports  grinding  up 
:  36.5  to  44.5'. 


iS.2'.   Hq  wirclln. 
:ore  94.5  to  154.0 
ibout  851  water 
,oas.  Driller 


140.5  to  144.0'. 
8/22/77  -  Backfill. 

to  DH77-103. 


Vs'swis'^MiVTsstVisis- 


I 


t 


rably;  strong 


5.0  17.7  sANH-1  SN  IsJi'NI-  :    ].i„  r.-  1  I  phi 
gray  with  rusty  bands;  dry  5  to  8'; 
moist  8  to  17.7';  hard  5  to  8';  firm 
6  to  17.7';  Bandy  near  top;  strong  HC1 
reaction;  core  lengths  to  6". 

17.7-19.5  SHALE:  Cray;  damp;  firm; 


Iras  with  knife 

aetlc;  no  HC1  reaction;  core  len; 

;  -  =  J  to  8". 

5=      19.5-23.7  COAL:      Black;  wet;    soft; 


unsMv 


23.7-24.3  SHALE:   Dark  gray;  damp; 


Ifflculty;  plastic;  no  HC1 


24.3-24.8  COAL:   Black; 


24.8-44.2  SHALE:   Cray;  damp;  firm; 


:ly  cuts  with  knife;  carbonaceous 
28  to  31.7';  hard  &  carbonaceous 
(nearly  coal)  34.1  to  34.5';  bedding 
nearly  horizontal;  air  slacks;  no  HC1 


.2-82.5  S1LTV  SANDSTONE : 


to  fins;  fine  grained;  laminated;  some 
sllty  fines;  strong  HC1  reaction;  core 

82.5-88.5  SANDY  SHALE;  Gray;  damp;  fir 


knife; 

very  fine  sand;  plastic;  air  slack: 
bedding  nearly  horizontal;  no  HC1 


.5-103.0  COAL: 


k;  damp;  hard; 


brittle; 

121.0-154 


brittle;  air 


SANDY  SHALE:   Highly 


able;  light  gray;  damp;  f 1 


Plate  7 


rT7,„.H,      i'r-.l      "ru.lv    Area 

E      Pumpkin  Creek  Coalfield  project 

mj    location   1500'    N.    6   50*   E.    of  SH 

■'■■■■■-       Corner,    Sec.    22,    T.    2    S-,    R,    49   fc\ 

12/9/76       FIHish€d      8/22/77         0EpTH  0F  oveRBIjBuEK 


GEOLOGIC  LOG  OF  DRILL  HOLE 


'S/mte  mamjred   105.2'      (I4j4r8')      8/22/77 uooceD  BY        Pariah 

i|  I     Is, I 


- 


1 


% 


if 


•1th   knife;    laminated 

ilns  sandy,  sllty  and  clayey 
iyey  zones  air  alack;  strong 
on;   core   lengths   to  2'. 


3366. C    154. C 
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Plate  8 


! 


■"•» GEOLOGIC  LOG  OF  DRILL  HOLE 

P.impkln   Creek    fit.iJv   Area 

.Pumokln   Creek   Caatf.lcLd  PROJE 

'-103        LOCATION  50'    N.    Il    150'    «.    ..I"    5E   Cqi 

Sec.    J  7.    T.    IS,    H.    .'.1   E, 
!2~"       [lul,M(n      B-25-J         „„*»««  n«pOB„« 


F7IRIA   t 


■   K  B9 

it 


i 


I 


^ 


''V. 


plastic ;  bedding  indii 
no  I1C1  reaction. 

85.0-86.3'  COAL:   bind 


86.3-94.5'    SANDY   SHALE:      nearly   black 
carbonaceous  near   top  grading   to 

medium  gray  at  depth,   damp,    firm,    dlffi 


wit 


lfe,    pla 


top,  bedding  Indistinct  in  upper  part 
nearly  horizontal  lower,  quite  sandy 
below  92',  air  slakes,  no  MCI  reaetloi 
core  lengths  to  8". 

87.5'  Joint  dipping  60° 

88.0'  slickensldes  along  coal  streal 

dipping  20° 

89.0'  sllckensldes  dipping  20° 

89.7'  Joint  dipping  20° 
4.5-115.0'  SILTY  TO  CLAYEY  SANDSTONE: 


rly 


110.2-110.5'  cemented, 


115.0-127.0'  *ANDY  SHALE:   gray,  damp, 
firm,  difficult  to  cut  with  knife, 
banded,  bedding  nearly  horizontal, 
moderate  HC1  reaction,  core  lengths  t 


127.0-131.0'  CLAYEY  SANDSTONE:   light 
gray,  damp,  uncemented,  firm,  difflcul 
to  cut  with  knife,  laminated,  bedding 
nearly  horizontal,  strong  KC1  reaction 


l>Us 


tains   sand' 
air   slakes 


depth,  damp , 

zones,  bedding 
weak  HC1 


taction,  core  lengths  to  2'. 
139.0-144.0'  nearly  vertical  Joint 
143.0-144.0'  nearly  vertical  Joint 
147.0-147.5'  hard,  light  gray 
149.3-151.0'  Sand3tone  -  light  gray, 
damp,  soft,  laminated. 
152.5-153.0'  hard,  light  gray. 
154.5-155.8'  Sandstone  -  light  gray, 

9.8-191.0  COAL:   black,  wet,  hard, 


GEOLOGIC  LOG  OF  DRILL  HOLE 


Pnmpkln    Creek    f.ia  If  i<- 1:1 

77-101       LOCATION        50T   N.    S    L._ 

'!.IV?  Corner.    Sac. .27,    T.    2    S..    R.    U"    f 

-22-77  ,„..,.,.   '  '6-H-H     '  " '*_■  ''''  ftv(rooi,D-.l 


EMRIA   No.    11 


50*   N.    S    150'    W.   of   SE 


150.2"    (3454.8')    8-29- 


191.0-204.5'  SILTY  TO  CLAYEY  SANDSTONE: 
:  gray.  damp,  uncemented,  crumbles 
y   easily,    sllty   near    cop   grading 


Wis  tost  >.Mhl\* 


.PUMA.  So.    11 


0.3046  1ft  obtain  rr 


WATER     AND  POWER    RESOURCES    SERVICE 
RESOURCE     ANO    POTENTIAL     RECLAMATION    EVALUATION 

PUMPKIN    CREEK  STUDY  AREA 
PUMPKIN     CREEK   COALFIELD- MONTANA 

GEOLOGIC  LOG  OF    DH     77-103 

OEOLOGY-h-^f.'^. "£<-o  APPROVAL 

DRAWN TETX    APPROVAt 

'  |  1305-600-  2I4~ 


Plate 


GEOLOGIC  LOG  OF  DRILL  HOLE 


GEOLOGIC  LOG  OF  DRiLL  HOLE 


WIS   Srlifc   PSHlSF  ...     ^ECT      EMRIANo.    11 

;_104       «-O"t10M    17DD'3S;  5.3M7.  {.*£  NV  Corggj^  ^       ,„5, 

elev  ofsater      114.3"    (3520.7*)  9-1-77        locceo  bv  Parish 


55.2-103.5'  SANDY  SHALE:  medli 
gray,  damp,  firm,  difficult  t. 
knife,  air  slakes,  bedding  tie, 
1,    weal 


lei 


2'. 


60.0-1 

75.0-75.5'   i 
78.5'    Joint  dipping  80°. 
91.8-92.6'   nearly  vertical    Joint. 
93.0-93.5'    Sands  tone-soft,    fine  gra: 
95.3-97.0'    Shaley   Sandatone-f lne 
grained,    soft,   crumbly. 
97.0-102.0'    carbonaceous,  black. 

101.5-112,0'    CLAYEY   SANDSTONE:      gray, 
damp,    uncemented,    firm,    cuts   easily 
with   knife,    fine   grained,    laminated, 
bedding   nearly   horizontal,    strong   HC; 
reaction,    core    lengths    to   18". 
103.8'    Joint  dips  70°. 


119.0-119. S  ; 


:  ^m     119.  •->-)..'(>_-_:>'  _c<>al: 


dark  gray,  damp, 
cut  with  knife,  air 
ius.  bedding  Indlstii 
core  lengths  to  2'. 
ontainlng  a  eon- 
areous  Mollusk  shel 

black,  hard,  brittl. 


20.5-123.5'  CLAYEY  SANDSTONE:   light 
gray,  moist,  uncemented,  crumbly,  fine 
grained,  laminated,  bedding  nearly 
horizontal,  strong  HC1  reaction,  core 

lengths  to  5". 


123.5-125.7'  SILTSTONE:   light  gray,  dry 
hard,  cannot  be  cut  with  knife,  bed. 
rong  HC1  reactio 


12S. 7-104.5'  SANDY  S 


102.5-HO.5' 


mm  m  suss 


Pumpkin  Creek  Study 
t  Pumpkin  Creek  Coalf 

77-1Q4 . 
8-29-77 


17QQ'   S.  S..3QQ'    6-  .of  .NW  J 

Sec ..32,  X.  .3S..IU  A9  £.. 

9-1-77      „,_TH  __  .„„.... 


oor  recovery, 
oist  uncemented,  very  crumbly, 
fine  grained,    bedding   lndiatlnc 


S5.S'    SHALE:      poor   i 


155.5-156.r7'   COAL: 


brittle,   broken. 

156. 7-164. 3'    SANDY   SHALE:      gray.    damp. 
firm,   difficult   to  cut  with  knife,   al 
slakes,    bedding   Indistinct,    no   HC1 
reaction,   core   lengths   to   18". 

160.3-167.0'   CLAYEY   SANPSTOHE:      gray , 


rumbles  fairly 
easily,    fine  grained,    laminated,    beddltjg 
nearly  horltontal,    no   MCI    reaction. 
core    lengths   to   1'. 

167.0-167.5'  COAL:     black.   damp,    nan 


I 


tie 


167.5-174.5'    CARBONACEOUS    SHALE:      bl*< 
damp,    firm,   difficult    to   cut   with   kn 
contains   scattered    thin   coal   seams. 
air   slakes,   plastic,    bedding   Indistinct. 
no   HC1    reaction,    core    lengths    to   8' 


174.5-179.5   CLAYEY   SANDSTONE:      gray, 
damp,    unceaented,    difficult    to   cruabl. 
laminated,    line   grained,    beds   nearly 
horizontal,   strong  HC1  reaction,   core 

179.0-179.5   cemented,    hard,    light   gra; 


179.5-193.0'  SHALE:  gray,  damp,  firm, 
difficult  to  cut  «rtth  knife,  plaatlc. 
alt    slakes,    bedding    indistinct. 


183.0-190.0'    SANDSTONE :      gn 


190.0-202.7'    SANDY   SHALE:      gray.    damp. 
firm,   difficult    to   cut  with  knife, 
plastic,    air   slakes,    bedding   nearly 
horizontal  where  discernible,    contali 


lengths    to    IB". 


^ii0i^f?rmr^- 


77-100        LOCATION1700*    S,    6    }Q0'     E.    of    NW   CVne 

Sec,.32..T. .3I..S..09.E c 

8-29-77    F|MIJHED  9-1-77  depth  of  overburden 

INO^ATeVemureD       114r3'     (3520,7')    9-1-77        LOC6I 


GEOLOGIC  LOG  OF  DRILL  HOLE 


EHBIA  No,   U 

JOUNDELEV     .3635*H 


193.0- 

196.0-19 

200.0-20: 

201.7-20! 


gray,  dam 
easily,  f 
nearly  ho 


.0'    sandy   ; 


arbonaceous 

fPY   SILTSTONE: 


Irm.  difficult  to  cui 
ited,  bedding  nearly 
itrong  HC1  reaction,    i 


259.5-272.0'   COAL:      bla 


272.0-289.5'    SANDY   TO   CLAYEY   ! 


lightly   i 


Hghl 

difficult   tt 

varies   from   sandy   to   clayey, 

strong   HC1    reaction,    bedding 

horizontal,    core   lengths    to 


.  BflUA  No...  11. 


I   POTENTIAL    RECLA 


GEOLOGIC  LOG    OF   DH    77-104 


GEOLOGY- -Zr-f.  —  L*"— 
CHECKE0 


FIELD  APPROVAL  _ 
THX  APPROVAL  ,. 
A PPROvED 


|  1305-600-  215 


Plate  I 


GEOLOGIC  LOG  OF  DRILL  HOLE 


p«oj<ct     JWWIip..  )J  , 
o[  9e  bornet 


Set...  22.   X.   XS....  B-   A9  E. 


*TE«!!iuTl€Bo  »o3-o'  Q3i;'j  9-a?- 


" 


I 


f 


•OV  1425 1 


..0'    SANDSTONE: 


6,0-50.5'    SANDY   SHALE:      gra' 


■ssbeddlnR.  a 
idv  at  depth, 
e  lengths  to 


SO. 5-62.0'  SANDSTONE:  gray,  moist, 
unceraented ,  crumbles  easily,  fine 
grained,  laminated,  crosabedded-,  i 


rap.  firm,  difficult 
mlnated.  bedding  nearly  horizontal 
rae  scattered  crossbeddlng,  strong 
:l  reaction,  core  lengths  to  2'. 
2.3-73.5'  Hard,  light  gray. 


77.0-80.0'  SILTY  SHALE:  gray,  damp, 
firm,  difficult  to  cut  with  knife, 
air  slakes,  laminated,  bedding  nearly 


10.0-84.0'  SANDSTONE:   light  gray. 


10.6'  SHALE:   gray,  damp,  firm, 
barely  cut  with  knife,  air  slakes 
•  toward  bottom,  bedding  not 
irnlble,  no  HC1  reaction,  core 
:hs  to  10". 


90-6-92.8'  SANDSTONE:   light  gray,  dr> 


lined.  lai 
.  reactloi 
■e  lengthi 


light  gray,  damp 
easily,  fine 

rossbedded,  no 


T3SSHS  mkiisimF 


F<.,U.E .  feapfels .tfssjs Mhto 


Pumpkin   Creek   Study   A: 
Pumpkin   Creek   Coalfle! 


GEOLOGIC  LOG  OF  DRILL  HOLE 


(3512')   9-12-77 


weak   HC1   reaction, 

191. 3-  206.0'    SHALE: 


gray,   damp,    fin 


barely  cuts  with  knife,   plai 

slakes,   bedding  *ot  discernible. 

strong  HC1   reaction,    core    lengths 

8". 
201.0-201.4'   Slltatona-llght  grai 
dry,   hard,   no  HC1  reaction. 
205.0-206.0'   Nua*»«na»elickenaid« 


206.0-220.2'    COAL:     black,    damn,   hard. 


till 


nlblc 


plastic,   bedding  i 


221.0-222.5'    SILTSTONE:      tan,    dry.   hard 
barely   cuts   wltH   knife,    bedding    not 
dlacernlble,    hot  com-  a"' is   carbonaceous 
whole   unit   contains   scattered   carbon 

film   of    plant    remain*. 


221.5-236.3' 


black,    damp  ,    bar« 


236.3-139.0'    SANDT   SrLTSTOSE:      light 
gray,   damp,    fin.   difficult   to  cut 
with   knife,    laminated,    bedding.  I 
horizontal,   no  Hll   reaction,    core 
lengths    to   8". 

239.0-243.3'    SAHDSTOHE:       light   gray. 


slly.  floe  grained,  laminated,  beds 
arly  horliontsl.  weak  HC1  reaction, 
itton  3a  aha ley  and  carbonaceous. 


244. 


tie,    sllckenslded. 
-251.5'    CLATET   SILTSTONE: 


gray,  damp,  firm,,  barely  cute  with 
knife,  bedding  not  discernible,  do 
HC1  reaction,    core   lengths  to  1*". 

249.2-249.4'    Carbonaceous,  black. 

249.9-250.1'    Carbonaceous,   black. 

250.5-251.3'   Carbonaceous,   black, 

some  coal  layers,   sllckensldad. 


a&  m.  mfig. 


t EMRIA  No.    11 


'.LAMATION   evaluation 


GEOLOGIC   LOG  OF    DH    77-IOS 


fKLO  APPROVAL  _  _ 

rtD.  APPftomt. 

APPROVED 


"*'|  1305-600-216 


Bc-W 
"miii&m  mux? 


Plate  II 


rt    IrtA      LOCATION.      1200'.  Sv  S    350'- 


GEOLOGIC  LOG  OF  DRILL  HOLE 


T.    3S.   8.   49  «Ouno  £ 


Hon tana 
z  ,    Vertical 


U2-V   (3.H2.V)  9.-M-7 


» 


7.0-77.5'    Sandy  Eoae. 

"  lnt  dipping  60°. 
int  dipping  50°. 


89.0' 
3.0-97. 


SANDS  TOME:      gri 


1 


1 


fficuic 

bedding   not   discernible,    strong   HC 
reaction,    core   lengths   tg   10". 

102.0'    Joint   dipping   60    . 

102.9'    Slickensidea   dipping   60°. 

103.2'    Joint  dipping  60°. 


-116.3 


113.0-113 
gray. 

116.3-123.5 


152.8-166.0 


::.  n    sandstone ; 


rumbles  with 
fine   grained,    laminated, 

iddlng   but   most   bedding   1 


dark   gray,    damp. 
ut  -lth  knife, 

bedding   not    dls- 
ic  tlon.    core    lengthi 


COAL:      black,    4am[ 


S1LTY   SAHDSTOHE:       light 


.rm  to  crumbly,  fine  grained, 
ited,  bedding  nearly  horlionti 
sry  sllty  near  top,  no  HC1  rej 
>re  lengths   to  6". 


Bumpkin   Cteek  .CoaLtieLd  . 


.  EHBIA.No.    11. 


jt 


£  VALUATION 


GEOLOGIC  LOG  OF  DH  77-106 


FKLD  APPGOW... 
WED*  APPROVAL.  __ 


"*'|  1305-600-217 


P-JTl  1:.       :■■■-.        ■      '.      -T- 
IATUBE       . Puapklo   Creek   Coalfield 


Plate   12 


Pmplln   Creel    ?t»iv   An 

«E Fumpfcia  Creek  Coalt icl. 

.   „.w  «.™.:2w:5.fci. 

9-14-77.       finished     9-15-;?       01 


GEOLOGIC  LOG  OF  DRILL  HOLE 


....  PROJECT.    EMRJA  ! 
00.'  E,  Of  SW  Corner 
3.S...R..69  E.   CROUM0  EL 


11 


|  i«6 


t 


64.  5-6*.  .9'    COAL:      black,    hard, 
64.8-74.5'    SANDY   SHALE:      gray. 


74.5-88.0'  SANDY,  CARBONACEOUS  SHALE: 
dark  gray  to  black,  damp,  firm,  diff 
cult:  to  cut  with  knife,  darker  zones 
are   plastic   and   air    slake,    laminated 


rly   horizontal,    no   HCL 


■■0-117.8' 


lfflcult  to  cut  with  knife,  plastic, 
slakes,  bedding  not  discernible, 
.tains  thin,  scattered  aandy  zones, 
ong  HC1  reaction,  core  length  to  2' 

90.0-90.5'  Carbonaceous,  black. 

105.0-105.5'  Sandstoae-uncemented,  so: 

117.0-117.8'  Carbonaceous,  dark,  gray 

31.5'  COAL:   black,  moist,  hard. 


tie,  brok. 

.5-132.4'  SHALE:   light  gray,  damp 
■i.'ti  knife,  contali 
.11  plan 


m,  barely 

lerouo  carbon  films  of  f. 

ains,  pli 


*,.., 


132.4-151.8'  COAL:   black. 


rlttle,  broken. 
,. 8-154.0'  SANDY  S1LTSTONE; 


moist,  firm,  difficult 


Idlng  not  discernible. 


■  5'  SILT*  SAMlKTi'Sr 


ained,  bedding  c 
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FCLD  APPROVAL 


1305-600-218 
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Sec,.8..T.. )  S..  B. .49.E. . , 


18.0-20.0'  SILTf  SANDSTONE:   rusty  brown 

easily,  fine  grained,  bedding  not 
discernible,  strong  HC1  reaction. 
core  lengths  to  3". 

20.0-36.0'  SANDY  SHALE:   tan  grading  tc 
gray,  damp,  firm  but  cuts  easily  with 
knife,  numerous  thin  sandy  zones, 
laminated,  bedding  nearly  horizontal. 


66.0-87.6'  SHALE:  dark  gray,  moi 
difficult  to  cut  with  knife,  pla 
air  slakes,  slightly  carbonaceou 
bedding  not  discernible,  no  HC1 


87.8-116.7'  COAL:   bla. 


116.7-124.6'  SHALE: 


ely  cuts  with  knife,  bedding 


126. 6-136.0'  SANDSTONE:   light  gray 
moist,  uncemented,  crumbles  easily,  flnje 
grained,  bedding  not  discernible. 


125.8-127.6'    Silty  ; 


lengths    to  10". 


r..m[.ki„  rTU,.\  sVlIv  ,\r, 

.Pumpkin. Creel.   Coal  tit,  l, 


.  EMRJA.  No..  11 
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slakes,  strong  HC1  reac 


slakei 
HC1  i 


.ding  i 


.7.5-67.8"  Slltstone-hai 

70.0-75.0'  SAHDSTOHE:  gr; 
uncemented,  crumbles  eas; 
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al. 


I  HC1  i 


lengths    to   4". 
71.6-71.9'    Shale-dark  j 
71.9-72.2'    Sandstone-hi 
76.7-75.0'    Sandstone-h; 


difficult  to  cut  with  knl! 
air  slakes,  weak  to  raoden 
reaction,    bedding   not    dls. 


82.3-116.3'  COAL:  blacl 
brittle,  core  lengths  i 
97.0-97.6'    Shale-gray 


116.3-U2.S'    SAHDY   SI 


,  damp ,  f 1 
with  knlf 
ly  horizon 

116.3-120.0' 

carbonaceous  lenses. 
129.5-130.0'  Carbona 


Htl 


to  hard,  will  bareJ 
laminated,  bedding 
1,  moderate  to  atror 


.:;:>:!.!    -r::<  ^>,;Vv 
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WEATHERING  TESTS 
Overburden  Samples  From  Pumpkin  Creek,  Montana 


Sample  I.D. 


Remarks 


Shale 

DH  76-101 

Depth  (ft)  22.5-23.5 

(PC-1)* 


See  Photographs  6  and  9 

Laboratory  weathering:  Slaking  at  5 
cycles;  continued  slaking  at  20  cycles 
%BD  =  43 

Outdoor:  Severe  slaking  at  1  year. 
%BD  =  100 


Sil tstone 

DH  76-101 

Depth  (ft)  39.0-40.0 

(PC-2) 


Sample  not  tested.  It  was  already 
broken  down  when  received. 
%BD  =  100 


Shale/Siltstone 

DH  76-101 

Depth  (ft)  102.0-102.8 

(PC-3) 


See  Photographs  6  and  9 

Laboratory  weathering:     Surface  slaking 
at  5  cycles;  peeling  at  20  cycles. 
7oBD  =  5 

Outdoor:     Slaking  and  peeling  at  1   year, 
%BD  =  48 


Shale 

DH  76-101 

Depth   (ft)   137.5-138.5 

(PC-4) 


See   Photographs    7   and    9 

Laboratory  weathering:     Slight  surface 

slaking  at  10  cycles;  continued  slaking 

at  20  cycles. 

%BD  =  11 

Outdoor:     Severe  slaking  and  cracking 

at  1   year. 

%BD  =   100 


Shale 

DH     76-101 

Depth   (ft)   197.0-198.8 

(PC-5) 


See  Photographs   7  and   10 

Laboratory  weathering:     Slight  surface 

slaking  at  10  cycles;  continued  slaking 

at  20  cycles. 

%BD  =  15 

Outdoor:     Slaking  at  1   year 

%BD  =   50 
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Sample  I.D. 


Remarks 


Siltstone 

DH     76-101 

Depth   (ft)  249.8-250.8 

(PC-6) 


See  Photographs  R  and   in 

Laboratory  weathering:     Slight  surface 

slaking  at  20  cycles. 

%BD  =  0 

Outdoor:  Very  slight  scouring  at  1  year 

%BD  =  5 


Composite  sample 
DH     76-101 
Depth  (ft)  0-257 
(PC-7) 


See  Photographs   11   through  14 

Laboratory  weathering:     ^ery  little  break- 
down of  composite  sample  at  20  cycles. 
Outdoor:     Considerable  breakdown  of 
specimen  after  one-year  outdoor  exposure. 


Photograph  6 


CH  1253  76NA 


a.  Original  condition  of  test  specimens 


b.  Condition  of  test  specimens  after  weathering 

Photo  6--  Results  of  weathering  tests  for  shale  sample  PC-1  and 
shale/siltstone  sample  PC-3.  Specimens  A  subjected  to  10  laboratory 
weathering  cycles;  specimens  B  subjected  to  15  weeks  of  outdoor 
exposure. 


Photograph  7 


CH   1253   77NA 


a.     Original    condition  of  test  specimens 


PC-fB 


b.  Condition  of  test  specimens  after  weathering 

Photo  7-  -  Results  of  weathering  tests  for  shale  samples  PC-4  and  PC-5 
Specimens  A  subjected  to  20  laboratory  weathering  cycles,  specimens  B 
subjected  to  15  weeks  of  outdoor  exposure 


Photograph  8 


Pfcfi* 


CH  1253  78NA 


a.     Original    condition  of  test  specimens 


b.      Condition  of  test   specimens  after  weathering. 

Photo  8 Results  of  weathering  tests   for  siltstone   sample   PC-6. 

Specimens  A  subjected  to  20  laboratory  weathering  cycles;   specimens   B 
subjected  to   15  weeks  of  outdoor  exposure. 


Photograph  9 


Photo  9 Results  of  one-year  outdoor  exposure  tests  for 

Specimens  PC-IB,  PC-3B,  and  PC-4B 


Photograph  10 


Photo  10- -Results  of  one-year  outdoor  exposure  tests  for 
Specimens  PC-5B  and  PC-6B 


Photograph    11 


Photo   11—   —Original   condition  of  composite  sample  PC-7A 


Photograph  12 


Photo    12  Condition  of  composite  sample   PC-7A  after  20 

laboratory  cycl es . 


Photograph    13 


Photo   13  —  -  original    condition  of  composite  sample  PC-7B 


Photograph  14 


t-**^'..^ 


Photo   L4 Condition  of  composite  sample  PC-7B  after  one  year 

of  outdoor  weathering. 


APPENDIX  C 
COAL  RESOURCES 


GEOLOGIC  LOG  OF  DRILL  HOLE 


Failing  314  truck- 

mounted. 

DRILLER 

George  Shaw 

METHOD 

samples  0-9'. 

./ash  samples  9-11' 

Hq  wireline  core 

fluid.   907  water 

loss  at  IS. 5". 

SOI  loss  15. 5-24. S 
No  other  losses 

CASING  RECORD 

4one  used. 

PROGRESS  RECORD 

0-94.0'      9-28-7 

94.0-134.0'  9-29-7 

HOLE  COMPLETION 

Backfilled. 

WATER  LEVELS 

Depth     Date 
51. 1'     9-29-77 

Taken  before  hole 

W8B  completed. 
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Plate  21 


Box   Elder   Creek    quadrangle 


Leslie    Creek   quadrangle 
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DEPARTMENT  OF  THE  INTERIOR 
UNITED  STATES  GEOLOGICAL  SURVEY 


Coal  beds  in  exploration  holes  drilled  in  Pumpkin  Creek  EMRIA  Study  Site,  Box  Elder  Creek  and   Leslie  Creek  quadrangles,  Powder  River  County,  Montana 

By 

Marguerite  Glenn 
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Section  along  line  A—  C  showing  coal  beds  in  drill  holes  in  Pumpkin  Creek 
EMRIA   Study   Site,  Leslie  Creek  quadrangle,  Powder  River  County,  Montana 
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Table  2  — Surface  localities,  measurements,  and  observations  of  coal  beds  In 
Pumpkin  Creek  EMRIA  study  site,  Powder  River  County,  Montana 


Loca 

tion 

Coal 

Locality 

thickness 

number 

Section 

Township 

Range 

Coal  bed 

(in  feet) 

Quadrangle 

1 

1 

2 

S. 

49 

E. 

Knobloch 

4.2+ 

Coalwood 

2 

1 

2 

S. 

49 

E. 

do 

3.5 

Do. 

3 

1 

2 

S. 

49 

E. 

do 

3.7 

Do. 

4 

1 

2 

S. 

49 

E. 

do 

3.3 

Do. 

5 

1 

2 

S. 

49 

E. 

do 

3.8 

Do. 

6 

1 

2 

S. 

49 

E. 

do 

2.0+ 

Do. 

7 

1 

2 

S. 

49 

E. 

do 

3.3 

Box  Elder  Creek 

8 

1 

2 

S. 

49 

E. 

do 

3.7 

Coalwood 

9 

1 

2 

S. 

49 

E. 

do 

3.2 

Do. 

10 

1 

2 

S. 

49 

E. 

do 

4.5 

Box  Elder  Creek 

11 

2 

2 

S. 

49 

E. 

do 

2.0 

Do. 

12 

2 

2 

S. 

49 

E. 

do 

2.3 

Coalwood 

13 

2 

2 

S. 

49 

E. 

do 

3.6 

Box  Elder  Creek 

14 

3 

2 

S. 

49 

E. 

Flowers-Goodale 

3.8+ 

Do. 

15 

3 

2 

S. 

49 

E. 

Knobloch 

4.1 

Do. 

16 

3 

2 

S. 

49 

E. 

Flowers-Goodale 

3.1 

Do. 

17 

3 

2 

S. 

49 

E. 

Knobloch 

3.8 

Do. 

18 

3 

2 

S. 

49 

E. 

Flowers-Goodale 

3.3 

Do. 

19 

3 

2 

s. 

49 

E. 

Knobloch 

5.2+ 

Do. 

20 

3 

2 

s. 

49 

E. 

do 

4.0+ 

Do. 

21 

3 

2 

s. 

49 

E. 

do 

2.6 

Do. 

22 

4 

2 

s. 

49 

E. 

do 

7.2 

Do. 

23 

4 

2 

s. 

49 

E. 

do 

7.4 

Do. 

24 

4 

2 

s. 

49 

E. 

do 

6.7 

Do. 

25 

4 

2 

s. 

49 

E. 

do 

4.1 

Do. 

26 

4 

2 

s. 

49 

E. 

—do 

2.8 

Do. 

27 

4 

2 

s. 

49 

E. 

do 

8.2 

Do. 

28 

4 

2 

s. 

49 

E. 

do 

2.2 

Do. 

29 

4 

2 

s. 

49 

E. 

do 

3.2 

Do. 

30 

4 

2 

s. 

49 

E. 

do— 

3.6 

Do. 

31 

5 

2 

s. 

49 

E. 

Flowers-Goodale 

2.3 

Do. 

32 

5 

2 

s. 

49 

E. 

do 

2.5 

Do. 

33 

5 

2 

s. 

49 

E. 

do 

1.1 

Do. 

34 

5 

2 

s. 

49 

E. 

do 

3.8 

Do. 

35 

5 

2 

s. 

49 

E. 

do 

1.5 

Do. 

36 

5 

2 

s. 

49 

E. 

do 

3.2 

Do. 

37 

5 

2 

s. 

49 

E. 

do 

1.8 

Do. 

38 

5 

2 

s. 

49 

E. 

Local  2 

1.7 

Do. 

39 

5 

2 

s. 

49 

E. 

Flowers-Goodale 

3 

Do. 

40 

5 

2 

s. 

49 

E. 

do 

2.8 

Do. 

41 

6 

2 

s. 

49 

E. 

do 

2.0 
3.4 

Do. 
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Table  2  — Surface  localities,  measurements,  and  observations  of  coal  beds  In 


Pumpkin 

Creek  EMR1A  study 

site,  Powder  River  County, 

Montana — Cor 

itinued 

Locality 

Location 

-^ 

Coal 
thickness 

number 

Section 

Township 

Range 

Coal  bed 

(in  feet) 

Quadrangle 

42 

6 

2  S. 

49  E. 

Flower s-Goodale 

2,0 
3.8 

Box  Elder  Creek 

A3 

6 

2  S. 

49  E. 

Knobloch 

3.3 

2.4 

Do. 

44 

6 

2  S. 

48  E. 

do 

0.7 

Do. 

45 

6 

2  S. 

48  E. 

Flowers-Goodale 

2.6 

Do. 

46 

6 

2  S. 

49  E. 

do 

2.6 

Do. 

47 

6 

2  S. 

49  E. 

do 

1.4 

Do. 

48 

6 

2  S. 

49  E. 

do 

1.5 

Do. 

49 

7 

2  S. 

49  E. 

Knobloch 

trace 

Do. 

50 

7 

2  S. 

49  E. 

do 

1.1+ 

Do. 

51 

8 

2  S. 

49  E. 

Flowers-Goodale 

2.2 

Do. 

52 

8 

2  S. 

49  E. 

Knobloch 

1.7+ 

Do. 

53 

8 

2  S. 

49  E. 

do 

2.8 

Do. 

54 

8 

2  S. 

49  E. 

do 

2.3 

Do. 

55 

8 

2  S. 

49  E. 

Flowers-Goodale 

2.7 

Do. 

56 

8 

2  S. 

49  E. 

—do- 

3.7 

Do. 

57 

9 

2  S. 

49  E. 

Knob  loch 

7 

Do. 

58 

9 

2  S. 

49  E. 

do 

7.5 

Do. 

59 

9 

2  S. 

49  E. 

do 

7.1+ 

Do. 

.  60 

12 

2  S. 

49  E. 

do 

3.5 

Coalwood 

61 

12 

2  S. 

49  E. 

do 

2.0 

Do. 

62 

13 

2  S. 

49  E. 

do 

1.7 

Do. 

63 

14 

2  S. 

49  E. 

Mackin-Walker 

7.2 

Box  Elder  Creek 

64 

14 

2  S. 

49  E. 

do 

3.0+ 

Do. 

65 

17 

2  S. 

49  E. 

Knobloch 

.8 

Do. 

66 

20 

2  S. 

49  E. 

Mackin-Walker 

3 

Do. 

67 

22 

2  S. 

49  E. 

do 

5+ 

Do. 

68 

22 

2  S. 

49  E. 

do 

4.9 

Do. 

69 

22 

2  S. 

49  E. 

do 

4.9 

Do. 

70 

22 

2  S. 

49  E. 

do 

4.5 

Do. 

71 

23 

2  S. 

49  E. 

do 

1.5+ 

Do. 

72 

23 

2  S. 

49  E. 

do 

2+ 

Do. 

73 

23 

2  S. 

49  E. 

do 

2.5+ 

Do. 

74 

23 

2  S. 

49  E. 

do 

5.1 

Do. 

75 

24 

2  S. 

49  E. 

do 

7.3 

Coalwood 

76 

24 

2  S. 

49  E. 

do 

4+ 

Box  Elder  Creek 

77 

24 

2  S. 

49  E. 

do 

2+ 

Do. 

78 

24 

2  S. 

49  E. 

do 

4.8 

Do. 

79 

26 

2  S. 

49  E. 

Sawyer 

5.0+ 

Do. 

80 

26 

2  S. 

49  E. 

do 

9.5+ 

Do.  . 

81 

26 

2  S. 

49  E. 

do 

10.6+ 

Do. 

82 

26 

2  S. 

49  E. 

Mackin-Walker 

3.8 

Do. 

83 

26 

2  S. 

49  E. 

do 

4+ 

Do. 

84 

26 

2  S. 

49  E. 

do 

5.2 

Do. 

85 

27 

2  S. 

49  E. 

do 

5 

Do. 

86 

27 

2  S. 

49  E. 

do 

5.2 

Do. 

87 

27 

2  S. 

49  E. 

Stump 

3.4 

Do. 
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Quad 

Wrangle 

88 

27 

2 

S 

4.9 

E. 

Stump 

2,9 

Box  Elder  Creek 

89 

27 

2 

S 

49 

E. 

do 

2,8 

Do, 

90 

28 

2 

s. 

49 

E. 

Mackin-Walker 

6.2+ 

Do. 

91 

28 

2 

s. 

49 

E. 

do 

6.2+ 

Do. 

92 

28 

2 

s. 

49 

E. 

do 

4 

Do. 

93 

28 

2 

s. 

49 

E. 

do 

3.3 

Do. 

94 

28 

2 

s. 

49 

E. 

Stump 

2.7 

Do. 

95 

30 

2 

s. 

49 

E. 

Sawyer 

12+ 

Do. 

96 

30 

2 

s. 

49 

E. 

do 

16 

Do. 

97 

31 

2 

s. 

49 

E. 

do 

9.5 

Leslie 

Creek 

98 

31 

2 

s. 

49 

E. 

do 

3.4 

Do. 

99 

31 

2 

s. 

49 

E. 

Mackin-Walker 

2.9 

Do. 

100 

31 

2 

s. 

49 

E. 

do 

3.7 

Do. 

101 

32 

2 

s. 

49 

E. 

do 

2.6 

Do. 

102 

33 

2 

s. 

49 

E. 

do 

3.0 

Do. 

103 

33 

2 

s. 

49 

E. 

do 

2.6 

Do. 

104 

33 

2 

s. 

49 

E. 

do 

2+ 

Do. 

105 

33 

2 

s. 

49 

E. 

do 

2.8+ 

Do. 

106 

34 

2 

s. 

49 

E. 

Stump 

2.0+ 

Do. 

107 

34 

3 

s. 

49 

E. 

do 

4.6 

Do. 

108 

34 

2 

s. 

49 

E. 

do 

3.3 

Do. 

109 

34 

2 

s. 

49 

E. 

Mackin-Walker 

2.7 

Do. 

110 

35 

2 

s. 

49 

E. 

do 

9.7 

Do. 

111 

35 

2 

s. 

49 

E. 

do 

4.1 

Do. 

112 

35 

2 

s. 

49 

E. 

do 

1.2 

Do. 

113 

35 

2 

s. 

49 

E. 

Sawyer 

5+ 

Do. 

114 

35 

2 

s. 

49 

E. 

do 

8+ 

Do. 

115 

35 

3 

s. 

49 

E. 

do 

27.5 

Do. 

116 

36 

2 

s. 

49 

E. 

Mackin-Walker 

5.3 

Do. 

117 

1 

2 

s. 

48 

E. 

Flowers-Goodale 

2.8 

Box  Elder  Creek 

118 

1 

2 

s. 

48 

E. 

do 

2.2 

Do. 

119 

1 

2 

s. 

48 

E. 

do 

1.6 

Do. 

120 

1 

2 

s. 

48 

E. 

Knob loch 

3.0+ 

Do. 

121 

12 

2 

s. 

48 

E. 

Flowers-Goodale 

2.6 

Do. 

122 

13 

2 

s. 

48 

E. 

Knob loch 

1.0+ 

Do. 

123 

24 

2 

s. 

48 

E. 

do 

6.2+ 

Do. 

124 

24 

2 

s. 

48 

E. 

Sawyer 

4.8+ 

Do. 

125 

2 

3 

s. 

49 

E. 

Mackin-Walker 

4 

Leslie 

Creek 

126 

2 

3 

s. 

49 

E. 

do 

3.5 

Do. 

127 

2 

3 

s. 

49 

E. 

do 

3.5 

Do. 

128 

2 

3 

s. 

49 

E. 

do 

3.7 

m 

Do. 

129 

2 

3 

s. 

49 

E. 

do 

2.3 

Do. 

130 

3 

3 

s. 

49 

E. 

do 

3.2 

Do. 

131 

3 

3 

s. 

49 

E. 

do 

3.8 

Do. 

132 

3 

3 

s. 

49 

E. 

do 

3.7 

Do. 

133 

3 

3 

s. 

49 

E. 

do 

5.3 

Do. 

134 

4 

3 

s. 

49 

E. 

do 

2.5 

Do. 

135 

4 

3 

s. 

49 

E. 

do 

3.2 

Do. 

136 

4 

3 

s. 

49 

E. 

Stump 

2.85 

Do. 
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137 

4 

3 

S. 

49 

E. 

Stump 

2.6 

Lesl 

ie  Creek 

138 

4 

3 

S. 

49 

E. 

do 

2.6 

Do. 

139 

5 

3 

S. 

49 

E. 

Mackin-Walker 

2.8 

Do. 

140 

5 

3 

S. 

49 

E. 

do 

2.5 

Do. 

141 

5 

3 

S. 

49 

E. 

do 

2.6 

Do. 

142 

6 

3 

S. 

49 

E. 

do 

2.8+ 

Do. 

143 

6 

3 

S. 

49 

E. 

do 

3.3 

Do. 

144 

7 

3 

S. 

49 

E. 

do 

2.3 

Do. 

145 

8 

3 

S. 

49 

E. 

do 

3.0 

Do. 

146 

8 

3 

S. 

49 

E. 

do 

1.3+ 

Do. 

147 

8 

3 

S. 

48 

E. 

do 

2.6 

Do. 

148 

8 

3 

S. 

49 

E. 

do 

2.9 

Do. 

149 

9 

3 

s. 

49 

E. 

do 

2.8 

Do. 

150 

9 

3 

S. 

49 

E. 

do 

2.6 

Do. 

151 

11 

3 

s. 

49 

E. 

do 

0.6+ 

Do. 

152 

11 

3 

s. 

49 

E. 

do 

0.5+ 

Do. 

153 

13 

3 

S. 

49 

E. 

Sawyer 

10+ 

Do. 

154 

13 

3 

s. 

49 

E. 

Mackin-Walker 

3.6 

Olive 

155 

13 

3 

s. 

49 

E. 

—do 

4.1 

Do. 

156 

13 

3 

s. 

49 

E. 

do— 

3.9 

Do. 

157 

14 

3 

s. 

49 

E. 

do 

2.8+ 

Lesl 

ie  Creek 

158 

14 

3 

s. 

49 

E. 

—do— 

4.0 

Do. 

159 

14 

3 

s. 

49 

E. 

do— 

3.8 

Do. 

160 

14 

3 

s. 

49 

E. 

do 

3.8 

Do. 

161 

14 

3 

s. 

49 

E. 

—do 

3.2 

Do. 

162 

14 

3 

s. 

49 

E. 

do 

3.1 

Do. 

163 

14 

3 

s. 

49 

E. 

do 

2.5+ 

Do. 

164 

14 

3 

s. 

49 

E. 

do 

1.2+ 

Do. 

165 

15 

3 

s. 

49 

E. 

do 

.8+ 

Do. 

166 

15 

3 

s. 

49 

E. 

do 

3+ 

Do. 

167 

15 

3 

s. 

49 

E. 

do 

3.2 

Do. 

168 

16 

3 

s. 

49 

E. 

do 

1.2 

Do. 

169 

21 

3 

s. 

49 

E. 

do 

trace 

Do. 

170 

22 

3 

s. 

49 

E. 

do 

.5 

Do. 

171 

23 

3 

s. 

49 

E. 

do 

3.5 

Do. 

172 

28 

3 

s. 

49 

E. 

Sawyer 

5+ 

Do. 

173 

30 

3 

s. 

49 

E. 

Stump 

1.7 

Do. 

174 

30 

3 

s. 

49 

E. 

Local  4 

2.3 

Do. 

175 

31 

3 

s. 

49 

E. 

Stump 

1.8 

Do. 

176 

31 

3 

s. 

49 

E. 

Local  4 

1.1 

Do. 

177 

31 

3 

s. 

49 

E. 

Stump 

2.0    ' 

Do. 

178 

33 

3 

s. 

49 

E. 

Sawyer 

trace 

Do. 

179 

34 

3 

s. 

49 

E. 

A 

4+ 

Do. 

180 

34 

3 

s. 

49 

E. 

Sawyer 

8+ 

Do. 

181 

34 

3 

s. 

49 

E. 

do— 

9.8 

Do. 

182 

35 

3 

s. 

49 

E, 

do— 

12+ 

Do. 

183 

35 

3 

s. 

49 

E. 

do 

5.7 

Do. 

184 

36 

3 

s. 

49 

E. 

A 

2+ 

Olive 
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185 

36 

3 

S. 

49  E. 

Sawyer 

9 

Olive 

186 

36 

3 

S. 

49  E. 

do— 

7 

Do. 

187 

1 

3 

S. 

48  E. 

Mackin-Walker 

2.6 

Lesl 

ie  Creek 

188 

1 

3 

S. 

48  E. 

do- 

2.2 

Do. 

189 

12 

3 

S. 

48  E. 

Sawyer 

1.3 

Do. 

190 

3 

4 

S. 

49  E. 

—do 

10.2+ 

Do. 

191 

5 

4 

S. 

49  E. 

Local  3 

1.6 

Do. 

192 

5 

4 

S. 

49  E. 

do- 

2.3 

Do. 

193 

5 

4 

S. 

49  E. 

Sawyer 

6.0+ 

Do. 

194 

7 

4 

S. 

49  E. 

Local  6 

2.3 

Do. 

195 

7 

4 

S. 

49  E. 

do 

2.3 

Do. 

196 

7 

4 

s. 

49  E. 

do- 

1.0 

Do. 

197 

7 

4 

s. 

49  E. 

Local  5 

3.0 

Do. 

198 

7 

4 

s. 

49  E. 

do 

2.6 

Do. 

199 

8 

4 

s. 

49  E. 

Local  3 

1.4 

Do. 

200 

9 

4 

s. 

49  E. 

do 

1.2 

Do. 

201 

9 

4 

s. 

49  E. 

Sawyer 

4.3+ 

Do. 

202 

9 

4 

s. 

49  E. 

Local  3 

3.2+ 

Do. 

203 

1 

4 

s. 

48  E. 

Local  6 

3.0 

Do. 

204 

1 

4 

s. 

48  E. 

do 

3.0 

Do. 

205 

1 

4 

s. 

48  E. 

—do 

1.3 

Do. 

206 

1 

4 

s. 

48  E. 

do 

2.6 

Do. 

207 

1 

4 

s. 

48  E. 

Local  5 

2.9 

Do. 

208 

1 

4 

s. 

48  E. 

Local  6 

2.5 

Do. 

209 

1 

4 

s. 

48  E. 

do 

2.8 

Do. 

210 

1 

4 

s. 

48  E. 

do 

2.2 

Do. 

COAL-' 

Origin 

Coal  has  been  defined  as  "a  readily  combustible  rock  containing  more  than 
50  percent  by  weight  and  more  than  70  percent  by  volume  of  carbonaceous 
material,  formed  from  compaction  or  induration  of  variously  altered  plant 
remains  similar  to  those  of  peaty  deposits.   Differences  in  kinds  of  plant 
materials  (type),  in  degree  of  metamorphism  (rank),  and  range  of  impurity 
(grade)  are  characteristics  of  the  varieties  of  coal"  (Schopf,  1966, 
p.  588).   Inherent  in  the  definition  is  the  specification  that  the  coal 
originated  as  a  mixture  of  organic  plant  remains  and  inorganic  mineral 
matter  that  accumulated  in  a  manner  similar  to  that  in  which  modern  day 
peat  deposits  are  formed.   The  peat  then  underwent  a  long,  extremely 
complex  process  called  "coalif ication,"  during  which  diverse  physical  and 
chemical  changes  occurred  as  peat  changed  to  coal  and  as  the  coal  assumed 
the  characteristics  by  which  we  differentiate  members  of  the  series  from 
each  other.   The  factors  that  affect  the  composition  of  coals  have  been 
summarized  by  Francis  (1961,  p.  2)  as  follows: 

1)  The  mode  of  accumulation  and  burial  of  the  plant  debris  forming  the 
deposit . 

2)  The  age  of  the  deposits  and  their  geographical  distribution. 

3)  The  structure  of  the  coal-forming  plants,  particularly  details  of 
structure  that  affect  chemical  composition  or  resistance  to  decay. 

4)  The  chemical  composition  of  the  coal-forming  debris  and  its  resistance 
to  decay. 

5)  The  nature  and  intensity  of  the  plant-decaying  agencies. 

6)  The  subsequent  geological  history  of  the  residual  products  of  decay  of 
the  plant  debris  forming  the  deposits. 

For  extended  discussion  of  these  factors,  the  reader  is  referred  to  such 
standard  works  as  Moore  (1940),  Lowry  (1945,  1963),  Tomkeieff  (1954),  and 
Francis  (1961). 

Classification 

Coals  can  be  classified  in  many  ways  (Tomkeieff,  1954,  p.  9;  Moore,  1940, 
p.  113;  Francis,  1961,  p.  361),  but  the  classification  by  rank  -  that  is, 
by  degree  of  metamorphism  in  the  progressive  series  that  begins  with  peat 
and  ends  with  graphocite  (Schopf,  1966)  -  is  the  most  commonly  used  system. 
Classification  by  types  of  plant  materials  is  commonly  used  as  a  descriptive 
adjunct  to  rank  classification  when  sufficient  megascopic  and  microscopic 
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information  is  available,  and  classification  by  type  and  quantity  of 
impurities  (grade)  is  also  frequently  used  when  utilization  of  the  coal 
is  being  considered.   Other  categorizations  are  possible  and  are  commonly 
employed  in  discussion  of  coal  resources  -  such  factors  as  the  weight  of 
the  coal,  the  thickness  and  areal  extent  of  the  indivdual  coalbeds,  and 
the  thickness  of  overburden  are  generally  considered. 

Rank  of  Coal 

The  position  of  a  coal  within  the  metamorphic  series,  which  begins  with 
peat  and  ends  with  graphocite,  is  dependent  upon  the  temperature  and 
pressure  to  which  the  coal  has  been  subjected  and  the  duration  of  time  of 
subjection.   Because  it  is,  by  definition,  largely  derived  from  plant 
material,  coal  is  mostly  composed  of  carbon,  hydrogen,  and  oxygen,  along 
with  smaller  quantities  of  nitrogen,  sulfur,  and  other  elements.   The 
increase  in  rank  of  coal  as  it  undergoes  progressive  metamorphism  is 
indicated  by  changes  in  the  proportions  of  the  coal  constituents  -  the 
higher  rank  coals  have  more  carbon  and  less  hydrogen  that  the  lower  ranks. 

Two  standardized  forms  of  coal  analyses  -  the  proximate  analysis  and  the 
ultimate  analysis  -  are  generally  used  in  the  world  today,  though  sometimes 
only  the  less  complicated  and  less  expensive  proximate  analysis  is  made. 
The  analyses  are  described  as  follows  (U.S.  Bur.  of  Mines,  1965,  p.  121- 
122): 

"The  proximate  analysis  of  coal  involves  the  determination  of  four 
constituents:   (1)  water,  called  moisture;  (2)  mineral  impurity,  called 
ash,  left  when  the  coal  is  completely  burned;  (3)  volatile  matter,  con- 
sisting of  gases  or  vapors  driven  out  when  coal  is  heated  to  certain 
temperatures;  and  (4)  fixed  carbon,  the  solid  or  cokelike  residue  that 
burns  at  higher  temperatures  after  volatile  matter  has  been  driven  off. 
Ultimate  analysis  involves  the  determination  of  carbon  and  hydrogen  as 
found *in  the  gaseous  products  of  combustion,  the  determinations  of  sulfur, 
nitrogen,  and  ash  in  the  material  as  a  whole,  and  the  estimation  of 
oxygen  by  difference." 

Most  coals  are  burned  to  produce  heat  energy  so  the  heating  value  of  the 
coal  is  an  important  property.  The  heating  value  (calorific  value)  is 
commonly  expressed  in  British  thermal  units  (Btu)  per  pound:  one  Btu  is 
the  amount  of  heat  required  to  raise  the  temperature  of  1  pound  of  water 
1  degree  fahrenheit  (in  the  metric  system,  heating  value  is  expressed  in 
kilogram-calories  per  kilogram).  Additional  tests  are  sometimes  made, 
particularly  to  determine  the  caking,  coking,  and  other  properties,  such 
as  tar  yield,  which  affect  classification  or  utilization. 

Figure  3  compares,  in  histogram  form,  the  heating  values  and  moisture, 
volatile  matter,  and  fixed  carbon  contents  of  coals  of  different  ranks. 

Various  schemes  for  classifying  coals  by  rank  have  been  proposed  and  used, 
but  the  most  commonly  employed  is  that  entitled  "Standard  specifications 
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Fig.  3 — Comparison    (on  moist,   mineral— matter- 
free  basis)  of   heat   values  of  combustion  and 
proximate    analyses   of   coal  of  different  ranks. 

(from    Averitt,    1975,    p.    17) 


for  classification  of  coals  by  rank,"  adopted  by  the  American  Society  for 
Testing  and  Materials  (1977).   It  is  reproduced  here  as  Table  5  . 

The  ASTM  classification  system  differentiates  coals  into  classes  and 
groups  on  the  basis  of  mineral-matter-free  fixed  carbon  or  volatile 
matter  and  the  heating  value,  supplemented  by  determination  of  agglomerating 
(caking)  characteristics.   As  pointed  out  by  the  ASTM  (1977),  a  standard 
rank  determination  cannot  be  made  unless  the  samples  were  obtained  in 
accordance  with  standardized  sampling  procedures  (Snyder,  1950;  Schopf, 
1960).   However,  nonstandard  samples  may  be  used  for  comparative  purposes 
through  determinations  designated  as  "apparent  rank." 

Type  of  Coal 

Classification  of  coals  by  type  -  that  is,  according  to  the  types  of 
plant  materials  present  -  takes  many  forms,  such  as  the  "rational  analysis" 
of  Francis  (1961)  or  the  semicommercial  "type"  classification  commonly 
used  in  the  coalfields  of  the  eastern  United  States  (U.S.  Bureau  of  Mines, 
1965,  p.  123).   However,  most  of  the  type  classifications  are  based  on 
the  same,  or  similar,  gross  distinctions  in  plant  material  as  those  used 
by  Tomkeieff  (1954,  Table  11  and  p.  9),  who  divided  the  coal  into  three 
series:   humic  coals,  humic-sapropelic  coals,  and  sapropelic  coals,  based 
upon  the  nature  of  the  original  plant  materials.   The  humic  coals  are 
largely  composed  of  the  remains  of  the  woody  parts  of  plants;  and  the 
sapropelic  coals  are  largely  composed  of  the  more  resistant  waxy,  fatty, 
and  resinous  parts  of  plants,  such  as  cell  walls,  spore  coatings,  pollen, 
resin  particles,  and  coals  composed  mainly  of  algal  material.   Most  coals 
fall  into  the  humic  series,  with  some  coals  being  a  mixture  of  humic  and 
and  sapropelic  elements  and,  therefore,  falling  into  the  humic-sapropelic 
series.   The  sapropelic  series  is  quantitatively  insignificant  and,  when 
found,  is  commonly  regarded  as  an  organic  curiosity.   In  common  with  most 
of  the  U.S.  coals,  those  from  Pumpkin  Creek  fall  largely  in  the  humic  series. 

Grade  of  Coal 

Classification  of  coal  by  grade,  or  quality,  is  based  largely  on  the  content 
of  ash,  sulfur,  and  other  constituents  that  adversely  affect  utilization. 
Most  detailed  coal  resource  evaluations  of  the  past  do  not  categorize 
known  coal  resources  by  grade,  but  coals  of  the  United  States  have  been 
classified  by  sulfur  content  in  a  gross  way  (DeCarlo  and  other,  1966). 

According  to  Fieldner  and  others  (1942),  ash  content  of  642  U.S.  coal 
samples  ranges  from  2.5  to  32.6  percent,  averaging  8.9  percent,  and  sulfur 
contents  range  from  0.2  to  7.7  percent,  averaging  1.9  percent. 

The  ash  content  of  the  17  samples  from  the  Sawyer  Coalbed,  on  an  as-received 

basis,  ranges  from  4.4  to  14.2  percent,  averaging  6.8  percent;  sulfur 

content  of  those  samples  ranges  from  0.2  to  1.7  percent,  averaging  0.4  percent 

Seventeen  samples  listed  on  Tables  6  and  7  show  an  apparent  rank  of  lignite 
A.   Because  of  the  lack  of  definitive  information  about  the  distribution 


of  coals  of  various  groups  in  the  Pumpkin  Creek  coal,  it  is  considered  to 
be  all  lignite  A  in  rank  in  the  area  of  the  study. 
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Toblc  7  — Proximate  and  ultlmct  nnnlysen,  hcnt  ot  combustion,  formw  of  sulfur,  f  rcc-swcl  ling  Index,  <ind 
nwh-fuji  1  mi  tomiuTiUiiro  il»t  I'rwln  it  lonn  for  17  1  lynltc  <tnd  ih;ilc  »oinpl  cw  from  tnc  Tongtiu  Klvr  Menr.bcr  of" 
the  Fort  UnXon  Formation,  Pumpkin  Creek  KMK1A  »cu<iy  »ito,  I'owJcr  River  County,  Montana 

(All  analyses  except  Kcal/kg,  Btu/lb,  free  swelling  Index,  and  ash-fusion  temperatures  in  percent.   For 
each  sample  number,  the  analyses  are  reported  three  ways;  first,  as  received,  second,  moisture  free,  and 
third,  moisture  and  ash  free.   All  analyses  by  Coal  Analysis  Section,  U.S.  Bureau  of  Mines,  Pittsburgh, 
Pa.   *C  -  CF-32)  5/9;  Real/kg  -  0.556  (Bcu/lb)] 


Proximate  analysis 


Ultimate  analysis 


Heat  of  combustion 


Hole    Sample  Volatile    Fixed 

number   number   Moisture    matter    carbon 


Ash   Hydrogen   Carbon   Nitrogen   0x7gen   Sulfur    Kcal/kg   Btu/lb 


PWW2  ' 


PWU3 


l'V.'WO  \ 


fWW10< 


76101' 


D187017     36. 4 


D187018     37.7 


D187019     36.2 


D187020     37.3 


D187021     34.9 


D187022     35.3 


D187023     38. A 


D187024     20.8 


D187025     37.5 


D187026     36.2 


D187015     35.8 


D187016     34. i 


D189026     35.2 


D189027     34.8 


D189028     35.4 


D189029     30.3 


D189030     34.4 


26.6 
41.8 
46.9 

26.1 
41.9 
46.4 

26.7 
41.8 
45.6 


25. 
41. 
44. 

27, 
42, 


46.8 

27.4 
42.3 
48.2 

26.4 
42.9 
46.7 

13.6 
17.2 
59.4 

26.0 
41.6 
46.2 

25.3 
39.7 
47.6 

26.7 
41.6 
45.6 

27.5 
42.2 
47.2 

29.3 
45.2 
50.6 

27.4 
42.0 
46.9 

26.9 
41.6 
44.7 

32.3 
46.3 
50.5 

23.9 
36.4 
46.5 


30.1 
47.3 
53.1 

30.1 
48.3 
53.6 

31.8 
49.8 
54.4 

32.2 
51.4 
55.4 

31.2 
47.9 
53.2 

29.4 
45.4 
51.8 

30.1 
48.9 
53.3 

9.3 
11.7 
40.6 

30.3 
48.5 
53.8 

27.9 
43.7 
52.4 

31.9 
49.7 
54.4 

30.8 
47.2 
52.8 

28.6 
44.1 
49.4 

31.0 
47.5 
53.1 

33.3 
51.5 
55.3 

31.6 
45.3 
49.5 

27.5 
41.9 
53.5 


6.9 
10.8 

6.1 
9.8 

5.3 

8.3 

4.6 
7.3 

6.4 
9.8 

7.9 
12.2 

5.1 
8.3 

56.3 
71.1 

6.2 
9.9 

10.6 
16.6 


5.6 

8.7 

6.9 
10.6 

6.9 
10.6 

6.8 
10.4 

4.4 
6.8 

5.8 
8.3 

14.2 
21.6 


6.9 

4.5 
5.0 

7.0 
4.5 
5.0 

6.8 
4.4 
4.7 

6.9 
4.4 
4.7 

6.8 
4.5 
5.0 

6.8 
4.4 
5.1 

7.0 
4.4 
4.8 

3.8 
1.9 
6.5 

7.0 
4.5 
5.0 

6.8 

4.4 
5.2 

6.8 
4.4 
4.8 

6.7 
4.3 
4.9 

6.9 
4.6 
5.2 

6.7 
4.3 
4.9 

6.7 
4.3 
4.6 

6.8 

4.9 
5.4 

6.4 
3.9 

5.0 


41.0 
64.5 
72.3 

40.8 
65.5 
72.6 

42.1 
66.0 
72.0 

41.6 


66, 
71, 


42.2 
64.8 
71.9 

41.2 
63.7 
72.5 

40.6 
65.9 
71.9 

14.9 
18.8 
65.1 

40.5 
64.8 
71.9 

37.9 

59.4 
71.2 

42.0 
65.4 
71.7 

42.0 
64.4 
72.0 

42.2 
65.1 
72.9 

42.9 
65.8 
73.5 


43. 

67. 
72. 


42.4 
60.8 
66.4 

36.9 
56.3 

71.8 


0.6 
.9 

1.1 

.7 
1.1 
1.2 

.7 
1.1 
1.2 


.6 
1.0 
1.0 

.6 
.9 

1.0 

.7 
1.1 
1.2 

.6 
1.0 
1.1 

.3 

.4 

1.3 

.7 
1.1 

1.2 

.6 

.9 

1.1 


.7 
1.1 
1.2 

.  .7 
1.1 
1.2 

.7 
1.1 
1.2 

.7 
1.0 
1.1 

.6 

.9 

1.2 


44.3 
18.8 
21.1 

45.0 
18.4 
20.4 

44.7 
19.6 
21.4 

46.2 
20.8 
22.5 

43.8 
19.6 
21.8 

42.8 
17.7 
20.1 

46.4 
19.9 
21.7 

24.1 

7.1 

24.5 

45.4 
19.3 
21.4 

42.4 
16.0 
19.2 

44.6 
19.9 
21.8 

43.2 
18.8 
21.0 

42.4 
17.1 
19.2 

42.4 
17.6 
19.6 

44.6 
20.3 
21.8 

44.1 
24.6 
26.9 

41.4 
16.5 
21.1 


0.4 
.6 
.7 

.5 

.8 
.9 

.3 
.5 
.5 

.2 
.3 
.3 

.2 
.3 
.3 

.6 

.9 

1.1 

.2 
.3 
.4 

.6 

.8 

2.6 

.4 
.6 
.7 


1.7 
2.7 
3.2 

.3 
.5 
.5 

.4 
.6 
.7 

1.0 
1.5 
1.7 

.3 
.5 

.5 

.2 
.3 
.3 

.2 
.3 
.3 

.5 

.8 
1.0 


3,840 
6,040 
6,770 

3,850 
6,180 
6,850 

3,950 
6,180 
6,740 

3,910 
6,230 
6,720 

3,970 
6,100 
6,770 

3.900 
6,020 
6,860 

3,810 
6,180 
6,740 

1,290 
1,620 
5,610 

3,820 
6,120 
6,790 

3,660 
5,740 
6,890 

3,930 
6,120 
6,700 

3,950 
6,060 
6,780 

4,010 
6,190 
6,930 

4,030 
6,190 
6,910 

4,030 
6,230 
6,690 

3,990 
5,720 
6,240 

3,480 
5,300 
6,770 


6,910 
10,860 
12,180 

6,930 
11,140 
12,350 

7,100 
11,130 
12,150 

7,030 
11,220 
12,110 

7,150 
10,980 
12,180 

7,010 
10,840 
12,350 

6,850 
11,120 
12,120 

2,310 

2,920 

10,100 

6,880 
11,000 
12,200 

6,600 
10,340 
12,400 

7,070 
11,010 
12,050 

7,110 
10,920 
12,210 

7,220 
11.150 
12,480 

7,260 
11,140 
12,440 

7,250 
11,220 
12,040 

7,180 
10,290 
11.230 

6,260 

9,540 

12,180 
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Forms  of  sulfur 


Hole     Sample 
number    number 


PWW2 


PWW3    \ 


rWU8    < 


PWW10 


UIB7017 


D187018 


D187019 


D187020 


D187021 


D187022 


D187023 


D187024 


D187025 


D187026 


D187015 


U187016 


D189026 


D189027 


76101   S 


D189028 


D189029 


D189030 


Alr-drlcd 
loss 

Sulfate 

28.0 

0-01 
.02 
.02 

28.7 

.01 

.02 
.02 

27.4 

.01 
.02 
.02 

28.3 

.01 
•  02 
.02 

27.0 

01 
.02 
.02 

26.3 

.01 
.02 
.02 

29.7 

.01 
.02 
.02 

17.7 

.01 
•  01 
.04 

28-5 

.01 
.02 
.02 

29.6 

.01 
.02 
.02 

27.6 

.01 
.02 
.02 

26.4 

.01 
.02 
.02 

16.3 

.01 
.02 
.02 

16.9 

.00 
.00 
-00 

14.9 

.01 
-02 
.02 

19.8 

.01 
.01 
.02 

20.1 

.01 
.02 
.02 

Free 


Ash-fusion  temperature,  C* 
Initial 


Sulfate    Pyrltlc    Organic   swelling  deformation   Softening   Fluid 


0.06 
.09 
.11 

.07 

.11 
.12 

.08 
-13 
.14 

.06 
.10 
.10 

•  07 
.11 
.12 

•  39 
.60 
■  69 

.13 
.21 

•  23 

.33 

.42 

1.44 

.14 
.22 
.25 

.53 
.83 

1.00 

•  15 
.23 
.26 

.18 
.28 

•  31 

.25 

:« 

.17 
.26 
.29 

.13 
.20 
.22 

.10 
.14 
.16 

.14 
.21 
.27 


0.32 
.50 
.56 

.40 
.64 
.71 

.22 

.34 
.38 

.10 
•  16 
.17 

10 
.15 
.17 

.24 
.37 

.42 

.05 
.08 
.09 

.26 

•  33 
1.14 

.21 

•  34 

•  37 

1.16 

1.82 
2.18 

.17 
.26 
.29 

.26 
.40 
.45 

.74 
1.14 
1.28 

.17 
.26 
.29 

.05 

.08 
.08 

.09 

:H 

.38 
.58 
.74 


0.0      1,175      1.230      1.285 


.0      1,155      1,215      1  265 


1,165  1,230  1,290 


1.215  1,270 


1,120  1.180 


1.155  1,215 


1.125  1    180 


1.150  1.205 


1,180  1.240 


1.205  1   265 


1.325 


1,205  1,265  1   320 


1.235 


1.125  1,180  1.235 


1,435  1,485  1,540 


1,275 


1,075  1,130  1.180 


1.150  1.215  1,265 


1,180  1.230  1.295 


1.235 


1   265 


1.205  1,265  1.320 


1.290 


1,315 


Chemical  Analyses  of  Lignite  and  Lignitic  Shale 

By 

2/ 
Joseph  R.  Hatch  and  Ronald  H.  Affolter— 

Introduction 

Seventeen  lignite  and  one  lignitic  shale  sample  were  collected  from  cores 
from  five  holes  in  the  Tongue  River  Member  of  the  Fort  Union  Formation 
in  the  Pumpkin  Creek  EMRIA  Study  Site  by  the  U.S.  Geological  Survey  (Fig.  1) . 
Four  of  the  holes,  PWW2 ,  PWW3,  PWW8,  and  PWW10,  were  drilled  by  the  U.S. 
Geological  Survey;  hole  76-101  was  cored  by  the  Water  and  Power  Resources 
Service.   The  samples  are  briefly  described  in  Table  6.   Fifteen  of  the 
samples  are  from  the  Sawyer  Coalbed  (the  principal  bed  of  interest  in  this 
area),  one  (D189026)  is  from  the  Mackin-Walker  Coalbed;  87  feet  (26.5  m) 
above  the  Sawyer  bed,  and  one  (D187015)  is  from  an  unnamed  bed  15  feet 
(A. 5  m)  above  the  Sawyer  bed.   Two  samples  were  collected  from  the  Sawyer 
bed  in  holes  PWW2  and  PWW10;  four  samples  of  the  Sawyer  bed  were  collected 
in  holes  PWW3  and  76-101.   In  hole  PWW8,  the  Sawyer  bed  contains  two  partings 
one  at  a  depth  between  94.7  and  97.9  feet  (28.9  to  29.8  m) ,  the  second  at 
a  depth  between  111.9  and  112.2  feet  (34. 1  to  34.2  m) .   One  sample  was 
collected  from  the  interval  above  the  upper  parting  (D187023) ,  one  between 
the  two  partings  sampled  separately  (D187024) ;  the  lower  parting  was  not. 

Analytical  Results 

Acknowledgements  and  Summary  of  Analytical  Tables 

The  contribution  to  this  section  by  the  following  chemical  laboratory 
personnel  in  the  U.S.  Geological  Survey  under  the  direction  of  Claude 
Huffman,  Jr..  is  gratefully  acknowledged:   James  W.  Baker,  Ardith  J. 
Bartel,  Nancy  M.  Conklin,  Celeste  M.  Ellis,  Patricia  G.  Guest,  Raymond  G. 
Havens,  Roy  J.  Knight,  Mollie  Jane  Malcolm,  Robert  E.  McGregor,  Violet  M. 
Merritt,  Hugh  T.  Millard,  Jr.,  Harriet  G.  Neiman,  Ralph  L.  Nelms ,  Charles 
A.  Ramsey,  George  0.  Riddle,  Caryl  L.  Shields,  Gay lord  D.  Shipley,  Vertie 
C.  Smith,  James  A.  Thomas,  Michele  L.  Tuttle,  and  James  S.  Wahlberg.   The 
invaluable  contribution  of  the  chemists  in  the  Coal  Analysis  Section 
(Forrest  E.  Walker,  Chemist-in-Charge) ,  U.S.  Bureau  of  Mines,  also  is 
gratefully  acknowledged. 

Proximate  and  ultimate  analyses,  heat  of  combustion,  air-dried-loss, 
forms-of -sulfur,  free-swelling-index,  and  ash-fusion-temperature  deter- 
minations on  these  samples  (Table  7)  were  provided  by  the  U.S.  Bureau  of 
Mines,  Pittsburgh,  Pa.   Analyses  for  32  major  and  minor  oxides  and  trace 
elements  in  the  laboratory  ash  (Table  8)  and  analyses  of  nine  trace  elements 
in  whole  coal  and  shale  (Table  9)  were  provided  by  the  U.S.  Geological 
Survey,  Denver,  Colo.   Analytical  procedures  used  by  the  U.S.  Geological 
Survey  are  described  in  Swanson  and  Huffman  (1976).   Table  10  contains  the 
data  listed  in  Table  8  converted  to  a  whole-coal  basis  and  the  whole-coal 
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analyses  listed  in  Table  9 .   Twenty-four  additional  elements  were  looked 
for  but  not  found  in  amounts  greater  tban  their  lower  limits  of  detection 
(Table  11)  .   Unweighted  statistical  summaries  of  the  analytical  data  on 
the  Sawyer  bed  in  Tables  7, 8  and  10  are  lTsted  in  Tables  12,  13  and  14, 
respectively.   Data  summaries  for  other  Powder  River  region  coal  samples 
are  listed  for  comparison. 

To  be  consistent  with  the  precision  of  the  semiquantitative  emission 
spectrographic  technique,  arithmetic  and  geometric  means  of  elements 
determined  by  this  method  are  reported  as  the  midpoint  of  the  enclosing 
six-step  bracket.   (See  headnote  of  Table  8  ,  or  Swanson  and  Huffman, 
1976,  p.  67,  for  an  explanation  of  six-step  brackets). 

Statistical  Terms  Used  in  Summary  Tables 

In  this  report  the  geometric  mean  (GM)  is  used  as  the  estimate  of  the 
most  probable  concentration  (mode) ;  the  geometric  mean  is  calculated  by 
taking  the  logarithm  of  each  analytical  value,  summing  the  logarithms, 
dividing  the  sum  by  the  total  number  of  values,  and  obtaining  the 
antilogarithm  of  the  result.   The  measure  of  scatter  about  the  mode  used 
here  is  the  geometric  deviation  (GD) ,  which  is  the  antilog  of  the  standard 
deviation  of  the  logarithms  of  the  analytical  values.   These  statistics 
are  used  because  the  quantities  of  trace  elements  in  natural  materials 
commonly  exhibit  positively  skewed  frequency  distributions;  such  distri- 
butions are  normalized  by  analyzing  and  summarizing  trace-element  data  on 
a  logarithmic  basis  . 

If  the  frequency  distributions  are  lognormal,  the  geometric  mean  is  the 
best  estimate  of  the  mode,  and  the  estimated  range  of  the  central  two-thirds 
of  the  observed  distribution  has  a  lower  limit  equal  to  GM/GD  and  an  upper 
limit  equal  to  GM-GD.   The  estimated  range  of  the  central  95  percent  of  the 
observed  distribution  has  a  lower  limit  equal  to  GM/(GD)   and  an  upper 
limit  equal  to  GM«(GD)2  (Connor  and  others,  1976). 

Although  the  geometric  mean  is,  in  general,  an  adequate  estimate  of  the 
most  common  analytical  value,  it  is,  nevertheless,  a  biased  estimate  of 
the  arithmetic  mean.   In  the  summary  tables,  the  estimates  of  the  arithmetic 
means  are  Sichel's  t  statistic  (Miesch,  1967). 

A  common  problem  in  statistical  summaries  of  trace  element  data  arises 
when  the  element  content  in  one  or  more  of  the  samples  is  below  the  limit 
of  analytical  detection.   This  results  in  a  censored  distribution.   Pro- 
cedures developed  by  Cohen  (1959)  were  used  to  compute  unbiased  estimates 
of  the  geometric  mean,  geometric  deviation,  and  arithmetic  mean  where  the 
data  are  censored. 

Discussion  of  the  Analyses 

The  analyses  of  the  Sawyer  bed  on  an  as-received  basis  (Table  7)  show 
that  ash  content  ranges  from  4.6  to  14.2  percent,  averaging  6.8  percent, 
sulfur  content  ranges  from  0.2  to  1.7  percent,  averaging  0.4  percent, 
and  heat  of  combusion  ranges  from  3,480  to  4,030  Kcal/kg  (6,260  to 


Table   8 
Sheet    1   of   2 


41 

a 
o 
I- 


—    3 
no   0. 


O 
C-    l 


■o 

_ 

* 

J 

CO 

i: 

M 

SL> 

1! 

•H 

IJ 

41 

■*-■ 

•H 

«~» 

01 

i-l 

cu 

•o 

u 

.* 

41 

U 

li 

-o 

nj 

0 

•H 

U 

c 

01 

.0 

» 

-o 

01 

M 

c 

0 

o 

sj 

"0 

1/1 

HI 

41 

3 

■  ■ 

a 

P 

0) 

<n 

,i 

k-l 

w 

c 

u> 

n) 

x: 

o 

■a 

U) 

u 

ij 

u 

0) 

o 

•rt 

3 

41 

x: 

^ 

li. 

a 

o 

Ul 

nj 

> 

u 

o> 

CO 

(J 

c 

0 

X 

H 

u 

*-f 

o 

c 

a 

IT! 

>s 

a. 

x: 

_: 

10 

*~* 

(X 

rrj 

01 

U) 

U 

XL 

u> 

bs 

U 

t~4      »j    U-i 

u    o 


c 

41 

r: 

a) 

a 

o 

01 

10 

.-»  - 

li 

in 

— 1 

C 

H 

01 

►J 

0 

u 

> 

*H 

01 

01 

u> 

V. 

00 

1. 

U 

H 

01 

0 

H 

<J 

U~l 

41 

c 

c\i 

o 

01 

i^ 

1) 

SJ 

■n 

> 

01 

•H 

u 

_ 

^ 

"l 

IJ 

p> 

c 

O 

o 

0 

-n 

u 

<J 

01 

_ 

_ 

*_» 

u> 

in 

c 

* 

c 

m 

ft) 

r^ 

01 

3 

(J 

01 

cr  O 

u 

u 

_ 

01 

■r-\ 

(= 

» 

c 

c 

01 

•r\ 

Ml 

10 

u-> 

-.H 

O 

Crs 

►J 

>s 

X) 

■> 

*-i 

n 

n) 

c 

I/. 

• 

0 

c 

o 

10 

•w 

o 

w 

_ 

01 

_ 

4-* 

Csl 

.■- 

•M 

rj 

(J 

E 

c 

O 

a 

-^» 

u 

u. 

e 

» 

X) 

1) 

m 

a 

4) 

*~* 

0 

IJ 

• 

:i 

Ul 

41 

o 

u 

u 

TJ 

M 

• 

Ul 

■g 

1/, 

_ 

■3 

a. 

41 

C 

IJ 

o 

-H 

u 

ft) 

H 

o 

u 

1 

■H 

10 

w. 

u 

■o 

u 

o 

t 

c 

01 

1 

41 

•.< 

-■<: 

in 

O 

u 

3 

U 

o 

10 

_. 

CI 

u 

a 

CX   u 

X> 

m  r.  u  c 

41  41  oi  4) 

3  B  E  u 

.-<  41  O  t-i 

R)  ^H  41  41 

>  41  00  O. 


—   41 


C  <J 


O   u 

•rt    l-l 

h>  41 


O    41 
41  u< 


C    41 
r>i  u 


C   41 

n)  u 
7.  41 


C 
O  41 
OCU 

i 


4) 


n 

O  41 


n  C 

0  41 
<M  O 

1  U 

■a.  4) 


<N  oi 

O  U 

•H  U 

</>  41 


a 

jC  41 

<  u 

41 


-i  CI 

to  c 


4)  41 

»H  JO 

o  e 

x  3 


ooooo 

rv  r*.  p^  l^  r- 


on  ooo 

QO  uf  j  to  *o  ic 


^lAkOO^ 
--  -  -  —  rj  rs* 
Oi">000 
p^  r*»  rs,  tT>  vjn 
U-iiC  to  at' to 


ootr>o 
OOO 

ICUI'O 


QQQDO   QQOQO   QQQOU   O D O 


OOOOO   OOOOO 


.UJJ.J   JJJ 
OOOOO   OOO 


•ors.vocoi/1       oors-r^iA>o      QOOvO 


w*itncr\ooo      ^nrx 


no      as 

tXiTisJvA 


r^~ •      o      fMf**co 


poo u^  Ooo      pnLOps.rnao 
sorsimooo     noo-joo—- 


ooooooo     oowno 


«»uo\oi~-iri     mp-     inn     -unn^io     p^mm 


moou-irou-i      con—rno       OOOifl^O      lOOlO 


sJiAi/siA-nT        <f  *J  — * ~sT  CM 


WPl>Jtft       »A^n 


<>PitNO\t      »OPOvO>n— •     incom 


— «f >orv"o      — '— •r-cTMrn      ooOvjp»<      — • . 


om^oct>o     p-~  co -*  so  <*i      -«(OOiO'-<     p^rsipsi 

«NfM(N— <>»1        IN— .vONPl        n— .n  — <N        — ■  CM  .» 


u->— s»lOP».       sJiPlOCMS        OMrtN-       Wie-iP- 

00>cor»oo      Om~-oocoui      — coa-coco      sOooro 
—>  so       —       ro  — 


P^CO^O*^  NPls3*OsO  sf  lAsOsDrs.  CO  o  o 

OOOOO  OOOOO  OOOCO  OOO 

rss,  rs.  ,^  ^.  r^  pssps.  rs^ps.rs.  p-.i-s.ps.os.o  cr<c»0> 

.C»COCCCO  (OCOCOCOOO  OC000UCO00  oococo 

naaan  qqqqq  Sooqq  SqH 


3    3 


A. 


o 

! 


o 

SO 


41  k. 

^-«  'J 

r-0 
II  u 

en  t: 


i  n 

-1  o. 


1/1  ^«s 

I  □ 
U  a 


to^~ 
i  e 

a)  CL 
(J  o. 


B 
3  a 
U  a. 


I  E 
oi  a. 
OO- 


■a  a 


Ul^s 

I   B 

oi  a 

CQ    (A. 


i  B 

re  a 
co  c. 


co  B 
I  a 

CO    c 


C 

OO 


r.  3 
CO  C 


41     41 

-'   £. 

o  e 

X     3 

C 


2i— ?;2~;  ,n"^-»>^^  s»,/sso..op-  oos7>o 

^Sf^SP  £PP£°  oooSS  SoS 

L^._s_s    _  ^'»r--^-'^  P^P^l-s.cM>  OM>o> 

_____  2_cntoU5  "■■"Osocoao  coaoco 

nOOOQ  OQQQQ  Oci_„_  QOO 


v.  v.  S.  v.     y.  -r.  *. 


•■  •/•.         y. 

v.  >:     y.  -r. 

OO 

o 

o 

©»■» 

Pss 

o 

.  75       7.  SI  Z  Z  SE 


ZZ 

o  OO 

O  u*i  Cs| 


zz 

«->o         m     moooo     ©tps.osn«-     u-u-^s 
~,r4  -*      — ■  fsi  r->  r-i  r-»      o— ■<-!_— •      ___ 


rnrsisosops.      <rsooors,oo      coOsjon     cmoco 
tnt-sssisjso     oos»sr,scr-i     (OiriN^n     ~j!5^ 


ZZZZZ       ZZZZZ       ZZZCO00 


_     .  J  . J  _) 
ooooo 


-J     __ 

OOOOO 


_____ 

OOOOO 


___ 

OOO 


Mnrs.  fsj  CM 


.mrorsii/-j      p-.mrooQ 


°2°°°  SSggo  ooooo  ooo 

22222  ooooo  ooooo  ooo 

.    .    ,°.    .  OOmOr^  OOOOO  OOO 

u-i  p^kA  u-i  rs.  op-  — p-i  rsrr-srr->_"pn  psVn" 


2oSSS  22°S°  ooooo  OOO 
222°2  OOsnOO  OOOOO  OOO 
P-OWMAO        IftlPl-i-Ps        CslP-»rs,|ss,rt        0s^ 


-»ps.n^rx        OO-HN^-.        vSCOstrs<        P-Ps._ 
*■*-*       "~cM       ___rs(_  __ 


psstoovo—     rsipns,«-so      sjia^sop-     ooctvo 
222°     ooooo     OOOOO 

rs.I«s.Ps,pss,  pss^rs,^,^  Ps.  ps,  Ps,  5s  5; 


00  auoooc  7? 

oo_o_ 


CO  00  00  00  CO 

_____ 


ooo 

OsCjNON 

cooocococo      oococo 

OQQQQ         QQQ 


c 

-l  O 

x: 

x 


nJ 


o 


O  CV 


•'<  1 

*J  1 

c 

•H 

-.-1 

VI 

J* 

0 

D- 

<r- 

U 

h 

3 

o 

0~ 

o 

AJ 

c 

Table   8 
Sheet   2   of   2 


VI    [i 

I   a 

>-  o. 


I    S 
u  a. 

1/5    C. 


ncoo^o-*  c*4r-**^u"»xO  «*ir»*f>^r*  coc*0 

«.-.^.t*i(N  ricirvirin  r~*<«~~rsjrN  rir^*n 

ooooo  otooo  ooooo  '~>ao 

f-^f^f«i>*r^  r^r^f^r^.?^  r*-r*r**>o  47*tJ*c*    1 

ooiucr.ica?  a/OOOOcnoO  cooocoooao  uoaoco 

ooo  a  a  ncnno  ddccd  aao 


OOOOO      OOOOO      ooo 


OOOO  O 
OOOO  O 
OOOO  O 


OOOOO      OOOOO 
r--r~  i^-  r*.  irt      or^f^-^riiA 


ooooo  OOOOO  ooo 
ooooo  ooooo  oom 
tXJNO«1     r-oooo     oo-< 


O      ooo      ^Ain*no>A     Otninotfl      r-»r^o 


B 
.O    P- 


l  U 
■h  a 
5-.  a. 


CO  — 

i  B 
x.  o. 
Sfi  u. 


i  e 
o  a. 
>:  a. 


a 

c  n. 
s:  a- 


B 

►J  o- 


-I    X> 

0     E 
X     3 

C 


OOiAiTlO 


UIOv/1 


0^0">/l       OmO>AO      OOOOO       OMft 


Z9C      ZZZ 


inoof**      r-r»*o 


oo^'no     i/Mnooo     otrtootn 
OMO(^(^      ^OonooOvo     voocjirxsi      — «.^H 
O<jooaooo      r^r^      iA>^     oONr**noo 


OOifl 
OOMO 


i^onovo      n^ifl^M     OkA^-jN 


Mnff>0H  Nn»iiA*o  «^irtv£)vO»^  coctsq 

-<^-«rifsi  (NirjrjrifN  — •  — •  •--rjcN*  cvicvio 

OOOOO  OOOOO  OOOOO  OOO 

r~  r-~  r-  r*.  rv  Nf^Ki^is  r^r^r-^cTs^  Ovoo 

oooocoooco  oo  co  ao  ol  co  of*  co  oo  'X)  ao  oooooo 

oacca  QoanQ  oqqoo  ooo 


I    B 
I*  c 

N   O. 


OOOOO 


O 
—l 
VO 


B 

c 

c 

N 

o. 

CO 

1 

B 

-O 

o. 

>- 

r. 

OJ 

v~ 

1) 

fSS 

E 

t 

t 

— 

1/1 

c 

k> 

4) 

01 

—* 

JO 

O 

B 

s: 

3 

C 

ooooo     ooooo     ooo 


cooonn      <no- *O0      nir(On^      rioo^ff 
a^sOf^o— «      <n  o<N»oo      0*^0  cocoon      On^ 

•"■  — «<-•        — «.— CM        (S        ~^-«_*  __„, 


rsCO^o- *  Nn>ju-no  <f  ir\  %o  •£>  r^.  oooo 

--^r-jr-j  rwrsjfsirsjr^  _.__„.  r  -j  r- 4  <N  cm  fi 

ooooo  ooooo  ooooo  ooo 

»**  p-*-  r-.  r-^  r*.  r^.  r**  r*.  r*.  r-*.  r*.  r-»  r^.  o>on  O^  0^0> 

0300000)00  COCOQCQOQO  OO00OOCO0O  00  COCO 

COQQQ  QQOQQ  QQOQQ  Q QQ 


n. 


>- 

o> 

s> 

B 

<u 

x: 

nj 

u 

C 

(U 

nj 

> 

u 

■rH 

C 

EC 

O 

(V 

3 

w 

60 

>. 

c 

U 

o 

C 

H 

3 

0 

S) 

o 

-C 

i-j 

^ 

01 

E 

> 

0 

■H 

v. 

tX 

u< 

w. 

U) 

01 

CJ 

■a 

rH 

3 

n 

0 

r- 

a. 

ro 

in 

* 

0) 

01 

u 

>H 

■H 

nj 

U) 

X 

U) 

>. 

•o 

•O 

3 

r. 

i-J 

IS 

</) 

41 

< 

IJ 

>— * 

•H 

OS 

r 

r. 

u 

uJ 

■H 

r-< 

.* 

01 

co 

01 

.- 

u 

o 

J1 

1-5 
H 


O 

IB 

10 


x 

u 

c 

CO 


,J 


0)  »- 

rH  0> 

O  3 

00  C 


B 
ex 


u 

13 
I 


8 
0)    (X 

10  a. 


a 

t/5    D. 


B 

oo  a. 


r^OOOO"*  Nfi^l/MO  jmvOvCIN  COCT>0 

mmmcmcm  CM.-ir-j  cmcm  — <— <„iricM  CM«vjm 

OOOOO  OOOOO  OOOOO  OOO 

r>»  r*- r-»  r*- r*»  r*  i**  l*«  f^  r*  rvwr^o^o  c*0^*7* 

ooaoooaooo  oooocoooao  aocooooooo  oococo 

QQOQO  QQOOQ  DDDDQ  QOQ 


r-n/->vncj>o>     nvoop»n     vOO—'cni^j     r^<->o 


r^-^oenn      ri»»cOu">eo      -»-*r->cM-»      ao— «o-» 


Table   9 


v/ir-  — ICM-3- 


►J  J 


nnfo^fi 


t-~~»cMC^-H      cMO^inn      cmcm. 

CM        CM       vO 


O— >OOQ 


csunr^vCvC 


OOM/lCOt^ 

~jo— >oo 


-a  oo  >j 

OOCM 


B 

>-  a 


B 

o  a 


B 

a)   a. 
<  a. 


^8 

(«    3 
01  C 


u 
o 

HE 

03 
3CC 


i/lOOmifl 
.<r  cn  -J  r"if> 


fir*  OvOfN 

ClCMCM~-«CM 


-3  ^a 


■J 

o 


~»  CMCO  — <o 


-innN      -*or"> 

ONMlTIH         h(M<0 


O  .— <      O      •>»      00      —>•— 


•JirtO>00      u-\o>      m 


-vt  v£)  ~ ivO       ococo 


H-<_<  ^4  fM 


fT^oo      0—<CMr^-*      -i"<r» 
■-»       i-t       CM 


r-^00CAO-^  fMri^irtv^  ^iAvoon  ooc>o 

— .  — .  —.  CN]  fsi  CMCMCMCMCM  _i  — .  ,-h  rsl  CM  CMCMfl 

OOOOO  OOOOO  OOOOO  OOO 

r^r^r^r^r^  r^r^r^r^r**  r^^r^c-c^  O^OC* 

cooocotoco  oococccooo  ocoooocooo  cocoao 


aaooa 


Q  QQQQ 
— >\ ^—J 


CM 

.(X 


00 

IX 


qqqqq  aao 


o 


Table   10 
Sheet    1   of   2 


0 

r~i 

vj 

u. 

en 

0 

c 

c 

0 

■o 

p 

■^i 

01 

35 

c 

•rt 

3 

hi 

•  • 

fc-> 

-o 

g 

u 

Ll 

n 

0 

•H 

r; 

U. 

ra 

w 

01 

c 

01 

JZ 

0 

3 

l. 

u   X 

0) 

CO     4J 

X) 

c 

B 

•H     C 

r. 

EJ3 

Of         LJ 

in 

0    3 

u 

CO 


E 

c  e- 


w 

01 

0) 

Q. 

2 

V) 

ra 

- 

> 

O 

to  ui 

x   i: 


Q      U> 


C     II     II 
01     01     u 


01   W< 

p*   0) 

§i 

O    3 

V.    C 


r^oo^o— •  iNfn,jino  -« mosON  coo© 

— •  — *  -• •  r>l<Ni  r*l  nrsl  c~t  c*i  — *  — •  — *r4(N  fsir^jr^ 

ooooo  ooooo  ooooo  ooo 

p*.  p~  r>.  p^p*.  p~.  p^  p«h  p^  r*»  p^p^p^o^o**  ct<CT*Cp« 

cocooococo  oococoecco  oococoooco  coccco 

00000  00000  OQOOO  Q GO 


OOOOO 

p-  0"1CC 


OOOOO 

u->ootn  o 


B 
<  o. 


ooooo     ooo 

p^r--p^p^p~       r^r*-o 


«^  \0  —"^D       O  c*p"t 


ir\  <t\  m  o\r-^       lAifl      r"\oo  co^OCp*       »J  Or""* 

OOOOO      OONOO     —•oooo      ooo 


c 

0) 

o>  u 
lb  w. 


OOO      o 


—  —  P^O       CO^*»*A 


sC  rsjr^csifn 
OOOOO 


r^  rsi      oo 
OOOO  cm 


i/t  m  **  m«N      — t— cm 

•j-oooo     OON 


60U 

X  •- 

0) 

o. 


e 

0) 


1   3 


I  e 

oi  o. 


I    B 


a 


S 

3   Q. 


p—  oo  o^  o  —  r-4m^Tir>sO  *»  t/*\  ^  .fi  p»  oooo 

-.._*— t(Nfs  <M  <n  rsi  rsi  rsi  _-_*—.  csiri  cjpsift 

OOOOO  OOOOO  OOOOO  OOO 

r-»p^.  r^  p-*  p*»  p--p^r^p*p*  p-~  p-*  p~  <y\  <r>  Ocp-Cp- 

cocooococo  coeocccoco  X  cc  co  ao  co  coooco 

nonoo  aonoa  ooooo  ana 


7.-Z.       Z  Z       Z  Z  Z  Z  Z 


as  is  •       ■   • 


zz 

O  u-l— • 


Q^.r-1-H— *       — *— <<N 


VTMTtO  O  VTt 


LTtO*^ 


ff»vOOo»o»     vccooo^^o     -^ooovisoo      vop-ih 


0) 


£-i 


59 


^-^m^  ceo 


sOOvDO 
WP*  r-t-o 


*j—  p~*©fM      rsjsO 


\0  P^  P^*  \OP> 


— •        -"        O— <  «M        •*         — ■ 


P^  CO  c^o~* 
—  —  —■  rirM 
c  oooo 
f^.  p^.  p^  p~p-* 
CO  CO  CO  coco 


r-j  m<t  »r»sO 

MfJMPiN 
OOOOO 
I —  f  *r^  P-*  p-» 
OC  COCC  CO  CO 


OOOOO  OOO 
P-*  p~  P-  CT*  J*  O^O^JN 
COODCOCOOO        00  coco 


a 
u  o. 


e 

O   Q. 
U  Q. 


I  E 
oi  a. 
o  o. 


E 
■o  a. 


I    6 

01  ex 

CO    CL 


mp^  o*£»  cni 

P-.PJ  rj  — .  CNJ 


COC^tAlTif^ 

o 


<r>r^pv      ston 


O  p^     r*«vo      ^^p*-on-^m*»     ^p^r 
— •      m     r.      oo      — •— «  ■ 


Z'-a^zz     zzzzz     zzzcqco     otaz 


•-•OCO'^CT*   0>    COCT^*^    — 'CP-OC^CO   P^- CO  ^J 

—  oooo  O-J^O- •  noooo  oo— < 


QOOOQ   OQaQQ 


PQQDQ 

o 


o 


CN      -J 


ooooo  ooooo  ooooo  ooo 
ooooo  ooooo  ooo>^o  ooo 

»/*>  P*\  u~\  O  ^       rlt/ion-"       OP*n- 'CNI       u-tp^r*» 


01     01 

X     3 


p^cocp.0"-  npi-jitho 

— *  — i  — irgpsi  rsirMrsjrvir-* 

OOOOO  OOOOO 

P*.P^P^P-P^  P^   f>.   f PS.P^ 

cccocococo  oooococoao 

QOOrjQ  OQQOQ 


'TiAsD^N  C0CP«O 

— «^^— <rsi<N  csl  cvi  en 

OOOOO  OOO 

p*.  P--  p*  o*  c*^  CP*  CT\  CTN 

CCCOCOCOCO  COCOCO 


o 

-< 


n 

=3 


tl 

1 

t: 

1 

0 

it 

l- 

C 

fO 

41 

X. 

1" 

u 

0 

> 

11 

o 

- 

l- 

> 

>u 

'J 

c: 

v. 

■J 

V 

o 

•-4 

i~> 

C. 

E 

V- 

<-. 

«l 

>n 

> 

3 

i 

6 


Table    10 
Sheet    2    of   2 


u  i' 

i*  3 
CO  K 


n 

/>  ft. 

(/>  ft. 


B 
.ft  fv 

a.  ft. 


«— —  rirj 
OtJOOO 
I-*  r*.f^»-*  r* 

(O  u"'a>  vu  in 


M  r"\  *t  l/>  sT> 
ririMcin 

oonoo 


-4/  i^.ft  «o  ^s> 
OOOOO 

to  «o  i  o  io  <o 


OOO 

U-O-O* 


I  Q 
z  a. 


QOOQQ   QflDOQ   COOOQ   OQO 


<nmi^»o*c      co  */>      , —  <t\      a*  <m  r"t  csi  —«     ^irtN 
-^c^r*ic^r^      n*^~.r"*r**      f^<Ni-3CM>$      coc-j*© 


OOOOO  OOOOO  OOOOO  OOO 
vft  O '  -  rl  to  — •  "OffOi  OKNa'io  CO  ■£>  O 
«u~»ri<-M-i      <nO(i»o      ^n^nn      «Nf>vo 


ion      r-*  r* 


0.0 

(i  u 


i  n 
»-  ft. 


i  n 

O  ft. 
5C  ft. 


a 

C  ft. 

T.  o. 


a 

^  a. 

-J  a. 


n 

ec  ft. 
x  n. 


VI  c 


csirirvj— ._ ■ 


N-*t/\fMn 


ZZ       ZZZ 


h*  ia     r^>i/>     in  m  ir» 

•     •  SS    •     •  •  •  Z     . 

O  —  <^j  r^ —  w-v  .-.. 


0-rco<-ifM      NO^mn      Oc7*ooooi~-      4tDn 
— '-jiftvor.      r^sov^^jt^      «/m^v©.j»o      ^sr\ 


^r?"?™  Cr.—       f*l-»       i-«C7><vi<n~»       socoi-- 

vOn.-JvOO       lA~J-.vOCO       vom^-lvA       rir^i~I 


zz     zz 
o 


O—  OOO       — -Or- >o-» 


MOOiO- 
OOOOO 
00  CO  to  oo  uO 


•^r^^j  «-\>ft 

OOOOO 
r*  r*  r-  r^r>* 
oooo  co  coco 


Z  Z  Z  Z.       Z  Z  Z 


0>u"t  CO  f** 
~»  O— -OO 


OOOOO       OOO 
cooooococo      ootoco 


Q  C  Q  O  Q       OQOQQ       OCQQQ       OOa 


10-^ 
I  D 
.ft    ft. 


io  n 
i  q. 
►-  a. 


>--<O0>-a-»  "ri.tinvo  ^mvo-oc  CQO»o 

pSo^  poSSS  SoSoS  SSS 

!^'.l!2  — —  "WO-oieon  GOaoaoioco  oooo  no 

QOOQO  DQQOO  QQOQO  Sao 


"■"OOfl      ^oomo      n^*\<-,in 

_._,s-_    __<->„,_    5_„_^ 


«ioo 


«-1      r^f^ 

O  lOONC" 


— OOmrs      —  ONCO'-'-f--      y©  —  o 
""Oi/%       rl      so       —•  —  r^ 


O  irt    '  - 


G 
o  a 


B 

j:  q. 

H  ft. 


co-^ 
i  a 

U    ft. 

10  a. 


^ 


«l  Cv 

-I  X. 

C  E 

X  3 

c 


nmrsiAio      r~w-iou->o 


O^^oin      -- 1— -r 


i^  r*  MNr. 


r-*/*>0  i^O 


O  —  " 


T''?"?0!'^       N'OOns       >00— <N-9       r^-«o 
—•      O       -»       w-^— .  —  —.—.  ^f^ 


'^^r?'7r?      r7-*«Oi^«0      4<ncnrs      co  —  c^ 

~<_-""'""*~*        -<— CT\-.fM       r>4  —  —       _■  .Jim 


22SS°  OOOOO  OOOOO  OO.-. 
ogooo  OO^OO  OOOOO  §6° 
r,r,NlflN      Nio-i-kn      rs.p^r->JScN      J^S 


o  'J,    ' JL 


■J 

— J  ^ 


irv»r\w^»rt      irtr^m 


•O— -«N      o  —  —  — •— ■ 


-"^Sz:  <Nf*,-<"rt^  <«^o-on  «co>o 

^V^Srg  «M<N<v1rifN  ___<NrJ  JiXJX 

00000  pocoo  ooooS  SSS 

u-^^^~  »-i»-^^i^  NNrso>c  C^ChOv 

---2"  wcocoooco  coooooeooo  ccmS 

OOOcaO  QQQQQ  OQOQQ  OOO 

§      5 

ft.  ft. 


Table  11 


Table  H  -Elements  looked  for,  but  not  detected,  In  lignite  samples 
from  the  Tongue  River  Member  of  the-  Fort  Union  Formation,  Pumpkin 
Creek  EMRIA  study  site,  Powder  River  County,  Montana 

[Approximate  lower  detection  limits  for  these  elements  in  lignite 
ash  by  the  six-step  spectrographs  method  of  the  U.S.  Geological 
Survey  are  included] 


Lower  limit  of  detection  (ppm) 
Element  in  lignite  ash 

Ag  1 

Au  50 

Bi  20 

Ce  500 

Dy  100 

Er  100 

Eu  200 

Gd  100 

Hf  200 

Ho  50 

In  20 

Lu  70 

Nd  150 

Pd  5 

Pr  200 

Pt  100 

Re  100 

Sra  200 

Sn  20 

Ta  1,000 

Tb  700 

Te  5,000 

Tin  50 

W  200 


Table  12 


Table  12 --Arithmetic  mean,  observed  range,  geometric  mean,  and  geometric  deviation  of 
proximate  and  ultimate  analyses,  heat  of  combustion ,  forms  of  sulfurr  and  ash-fusion 
temperatures  for  15  Sawyer  bud  Uftnlte  samples  from  the  Fort  Union  Formation  in  the 
Pumpkin  Creek  EMRIA  study  site,  Powder  River  County,  Montn nn_ 

^All  values  are  in  percent  except  Kcal/kg,  Btu/lb,  and  ash-fusion  temperatures  and  are 
reported  on  the  as-received  basis.   °C  -  (°F-32)  5/9;  Kcal/kg  -  0.556  (Btu/lb). 
Leaders  ( — )  indicate  no  data.   For  comparison,  arithmetic  means  from  33  Powder 
River  region  coal  samples  (Swanson  and  others,  1976,  tables  31B  and  32B)  arc  included] 


Observed  range 

Arithmetic   Geometric    Geometric 

mean      Minimum  Maximum     mean       deviation 


Powder  River 
region 
geometric  mean 


Proximate  and  ultimate  analyses 


Moisture 

35.7 

30.3 

38.4 

35.6 

1.1 

Volatile 

26.8 

23.9 

32.3 

26.8 

1.1 

matter 

Fixed 

30.6 

27.5 

33.3 

30.6 

1.1 

carbon 

Ash 

6.8 

4.4 

14.2 

6.5 

1.4 

Hydrogen 

6.8 

6.4 

7.0 

6.8 

1.0 

Carbon 

41.2 

36.9 

43.4 

41.1 

1.1 

Nitrogen 

.7 

.6 

.7 

.7 

1.1 

Oxygen 

44.1 

41.4 

46.4 

44.1 

1.0 

Sulfur 

.4 

.2 

1.7 

.4 

1.8 

23.1 
32.6 

36.0 

7.5 

6.2 

50.3 

.9 

32.9 

.8 


Heat  of  combustion 


Kcal/kg 
Btu/lb 


3,880 

3,480 

4,040 

3,880 

1.0 

4,860 

6,970 

6,260 

7,260 

6,970 

1.0 

8,740 

Forms  of  sulfur 


Sulfate 

0.01 

0.01 

0.01 

0.01 

1.0 

Pyritic 

.16 

.06 

.53 

.13 

1.9 

Organic 

.26 

.05 

1.16 

.19 

2.3 

0.02 
.29 
.31 


Ash-fusion  temperature  °C 


Initial 

1,164 

deformation 

Softening 

1,222 

temperature 

Fluid 

1,276 

temperature 

1,074    1,213 


1,132    1,271 


1,179    1,324 


1,163 


1,221 


1,276 


1.0 
1.0 
1.0 


Table  13 


Table  13  — Arithmetic  mean,  observed  range,  geometric  mean,  and  geometric  deviation 
of  ash  content  and  contents  of  nine  major  and  minor  oxides  in  the  laboratory  ash 
o7  1 5  Sawyer  bed  lignite  samples  from  the  Tongue  River  Member  of  the  Fort  Union 
Formation  in  the  Pumpkin  Creek  EMR1A  study  site,  Powder  River  County,  Montana 

[All  samples  were  ashed  at  525°C;  all  analyses  are  in  percent.   For  comparison, 
geometric  means  for  410  Powder  River  region  coal  samples  are  listed  (Hatch  and 
Swunson,  1977,  table  6a) 


Observed  range 


Arithmetic 

Oxide 

mean 

Minimum 

Maximum 

(Ash) 

9. A 

6.5 

15.8 

sio2 

25 

17 

42 

A1203 

12 

10 

15 

CaO 

28 

14 

35 

MgO 

4.5 

2.7 

5.8 

Na  0 

5.6 

3.2 

7.6 

K20 

.6 

.23 

1.9 

Fe203 

6.8 

4.7 

13 

Ti02 

.81 

.51 

1.2 

so3 

14 

5.6 

21 

Geometric   Geometric   Powder  River  region 
mean     deviation      geometric  mean 


9.1  1.3  9.0 

24  1.3  28 

12  1.1  14 

27  1.3  15 

4.4  1.2  3.6 

5.4  1.3             .93 

.5  1.9             .28 

6.6  1.3            5.8 

.79  1.3             .61 

13  1.5  14 


Table  14 


Tnble  14  — Arithmetic  mean,  observed  range,  geometric  mean,  and  geometric 
deviation  of  27  elements  in  15  Sawyer  bed  lignite  samples  from  the  Tongue 
R i ver  Member  of  the  Fort  Union  Formation,  Pumpkin  Creek  EMRIA  study  site , 
Powder  River  County,  Montana 

[All  analyses  are  in  parts  per  million  and  are  reported  on  a  whole-lignite 
basis.   As,  Co,  Cr,  F,  Hg,  Sb,  Se,  Th,  and  U  values  used  to  calculate  the 
statistics  were  determined  directly  on  whole  lignite.   All  other  values 
used  were  calculated  from  determinations  made  on  lignite  ash.   L,  less 
than  the  value  shown.   For  comparison,  geometric  means  for  410  Powder 
River  region  coal  samples  are  listed  (Hatch  and  Swanson,  1977,  table  6b] 


Element 

Arithmetic 
mean 

Observe 
Minimum 

d  range 
Maximum 

Geometric 
mean 

Geometric 
deviation 

Powder  River  region 
geometric  mean 

As 

2.5 

0.6 

17.5 

1.7 

2.4 

2 

B 

100 

70 

150 

100 

1.3 

50 

Ba 

700 

100 

1500 

500 

2.1 

300 

Be 

.5 

.15 

2 

.3 

2.2 

*     .5 

Co 

1.1 

.5 

7.6 

.9 

2.0 

2 

Cr 

3.4 

1.0L 

10 

2.8 

1.8 

5 

Cu 

6.1 

2,7 

22 

5.3 

1.7 

9.5 

F 

45 

20 

95 

42 

1.4 

40 

Ca 

2 

1L 

5 

2 

1.5 

2 

Hg 

.1 

.04 

.46 

.09 

1.9 

.08 
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7,260  Btu/lb),  averaging  3,880  Kcal/kg  (6,970  Btu/lb) .   The  lignite  below 
the  lower  parting  in  PWW8  has  a  relatively  high  sulfur  content  (1.7  per- 
cent) ,  and  presumably  would  not  be  mined  with  the  lignite  above  the 
parting.   The  analysis  of  the  Mackin-Wajker  bed  shows  that  its  ash 
content  is  6.9  percent,  its  sulfur  content  is  1.0  percent,  and  its  heat 
of  combustion  is  4,010  Kcal/kg  (7,220  Btu/lb).   The  apparent  ranks  of 
the  samples  were  calculated  using  the  data  in  Table  5  and  the  formulas 
in  ASTM  designation  D-388-77  (American  Society  for  Testing  and  Materials, 
1977) .   The  apparent  rank  of  all  17  samples  is  lignite  A. 

In  Table  12  ,  the  geometric  means  of  the  proximate  and  ultimate  analyses 
for  the  Sawyer  bed  samples  are  compared  with  the  geometric  means  of 
analyses  of  33  coal  samples  from  other  areas  in  the  Powder  River  region, 
as  listed  in  Swanson  and  others  (19  76).   The  apparent  rank  of  these 
33  samples  ranges  from  subbituminous  C  to  subbituminous  B  coal.   Because 
the  Sawyer  bed  in  the  Pumpkin  Creek  area  is  of  lower  rank  than  the  average 
of  the  33  samples,  its  moisture,  hydrogen,  and  oxygen  contents  are 
significantly  higher  (Student's  _t  test,  95  percent  confidence  level)  and 
volatile  matter,  fixed  carbon,  carbon  contents,  and  heat  of  combustion 
are  significantly  lower  than  in  the  33  other  Powder  River  region  samples. 
Contents  of  nitrogen  and  total  sulfur  are  also  significantly  lower  in 
the  Sawyer  bed  samples. 

In  Table  13 ,  the  geometric  means  of  the  contents  of  nine  major  and  minor 
oxides  in  the  laboratory  ash  of  15  Sawyer  bed  samples  are  compared  with 
the  geometric  means  of  these  oxides  in  410  Powder  River  region  samples. 
The  contents  are  similar  (Student's  test,  95  percent  confidence  level), 
except  for  those  CaO,  Na20,  K^O ,  and  HO2,  which  are  significantly  higher 
in  the  Sawyer  bed.  At  the  99  percent  confidence  level  only  the  CaO  and 
Na20  contents  are  significantly  higher. 

In  Table  14 ,  the  geometric  means  of  the  contents  of  27  elements  in  the 
Sawyer  bed  samples  are  compared  with  the  geometric  means  of  these  elements 
in  410iPowder  River  region  samples.   In  the  Sawyer  bed  the  contents  of 
B,  Ba,  Mn,  Nb ,  U,  Y,  and  Yb  are  significantly  higher,  and  contents  of  Be, 
Co,  Cr,  Cu,  Ni,  Pb ,  Sc,  Se,  and  Th  are  significantly  lower.   Contents 
of  As,  F,  Ga,  Hg,  Li,  Mo,  Sb ,  Sr,  V,  Zn ,  and  Zr  are  similar  for  both  sets. 
At  the  99  percent  confidence  level,  B,  Mn,  Y,  Yb ,  Co,  Cr ,  Cu,  Ni,  and 
Th  contents  are  significantly  different. 

When  compared  to  other  U.S.  coals  (Swanson  and  others,  19  76),  Powder 
River  region  coals  are  characterized  by  relatively  low  ash,  low  sulfur, 
and  high  moisture  contents,  and  a  low  heat  of  combustion.   The  contents 
of  elements  of  environmental  concern  (such  as  As,  Be,  Cd ,  Hg,  Mo,  Sb , 
and  Se)  in  Powder  River  region  coals  are  low  when  compared  to  other 
U.S.  coals.   Powder  River  region  coals  are,  or  will  be,  used  in  coal-fired 
power  generating  plants  or  in  coal  gasification  plants. 

Differences  in  the  oxide  compositions  of  coal  ashes  and  the  element 
contents  of  coals  result  from  differences  in  the  total  and  relative 
amounts  of  the  various  inorganic  minerals,  the  elemental  composition  of 
these  minerals,  and  the  total  relative  amounts  of  any  organically  bound 


elements.   The  chemical  form  and  distribution  of  a  given  element  is 
dependent  on  the  geologic  history  of  the  coalbed.   A  partial  listing  of 
the  geologic  factors  that  influence  element  distributions  would  include 
chemical  compositon  of  original  plants;  amounts  and  compositions  of 
the  various  detrital,  diagenetic,  and  epigenetic  minerals;  chemical  charac- 
teristics of  the  ground  waters  that  come  in  contact  with  the  bed; 
temperatures  and  pressures  reached  during  burial;  and  extent  of  weathering, 
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Rs 

r  Uhp   ^ 

?-Ru            \ 

VAl( 

Hp           \ 

Mg 

Mg 
HP             V 

LEGEND       SYMBOL 


Hw  - 
Hx  - 
Hy  - 
Km  - 
Mc  - 
Md  - 
Mt  - 
Mg  - 
Mt  - 
Mw  — 
Re  - 
Rh  - 
Rk  - 
Ro  - 
Rs  - 
Rt  - 
Ru  - 
Tm  - 
To  - 
Tr  - 
Vr    - 


SERIES/ASSOCIATION 
2  -  8% 


Hydro—  Arvado     complex, 

Hydro-Elso,  8-15% 

Hydro-Fort    Collins     silt    loams, 0-2% 

Kyle    clay,   4-8% 

McRae     silt    loam,  0-2  % 

McRae     silt    loam,  2-4% 

Midway     silty  clay    loam,  2-8% 

Midway  -Elso,   8-35% 

Midway  -  Thurlow,  8-15% 

Midway-  Elso    rocky    soils,  35  —  75% 

Rapelje     silt     loam,   2-8% 

Relan  — Cabba,   4-8% 

Relan    gravelly     loam,    4-8% 

Remmit— Ocean    lake   fine    sandy  looms,  8-25% 

Ringling    slaty    loam,  20-50% 

Ringling—   Cobbo ,     15-50% 

Ringling -Relan  ,   6-25% 

Thurlow  silty    clay  loam,  2-4%  q 

Thurlow  silty    cloy    loam,  4-8%  | 

Thurlow    silty   cloy  loom,  8-15% 

Vona  -  Remmit    fine    sondy  loams,  4-8% 


1/4 


1/2 


3/4 


SCALE     OF    MILES 


NOTE 

Information    token   from   'Soil  Survey  of  the   Powder  River   Area- 
Montana"  Published  by  the  USDA-SCS,  1971 . 


I  3  S.,R.  49  E. 
Sections  26,28,30,32 
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RESOURCE    a    POTENTIAL     RECLAMATION   EVALUATION 

PUMPKIN     CREEK  STUDY    AREA 
PUMPKIN  CREEK  COAL   FIELD-MONTANA 

SOIL    INVENTORY     MAP 


LANDS  SJH^JHHL    SUBMITTED 
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BILLINGS,  MONTANA 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation 

Pumpkin  Creek  Study  Area 

Bedrock  Core  No.  76-101 


Depth 

0-12.8' 

12.8-34.5' 

34.5-40.5' 

40.5-57.5' 

57.5-58.5' 

58.5-71.5' 

71.5-72.4' 

72.4-74.5' 

74.5-95.5' 

95.5-103.6' 

103.6-119.1' 

119.1-125.0' 

125.0-126.5' 

126.5-134.0' 

134.0-141.5' 

141.5-142.2' 

142.2-154.5' 

154.5-170.8' 

170.8-173.9' 

173.9-178.4' 

178.4-204.0' 

204.0-232.3' 

232.3-265.9' 

265.9-299.0' 

299.0-314.5' 


Type 

Suitability 

Deficiency 

Sish 

Unsuitable 

Saline 

Sish 

Unsuitable 

Clay 

SiSs 

Unsuitable* 

Sodic 

Sh 

Unsuitable 

Clay-Sodic 

Sish 

** 

SiSs,Sist 

rt* 

Sist 

** 

SiSs 

** 

Sh 

Unsuitable 

Clay-Sodic 

C-Si  Ss 

Unsuitable 

Clay-Sodic 

Sh 

Unsuitable 

Clay-Sodic 

SiSs 

Limited 

Saline 

Sh 

Unsuitable 

Carbonaceous 

Sish,Ss 

Unsuitable 

Sodic 

Sh 

Unsuitable 

Sodic 

Cbsh 

Unsuitable 

Carbonaceous 

Sish 

Unsuitable 

Clay-Sodic 

C  Sist 

Unsuitable 

Sodic 

CbSh 

Unsuitable 

Carbonaceous 

Coal 

Unsuitable 

Carbonaceous 

Sh,Ss 

Unsuitable 

Clay-Sodic 

Sish, SiSs 

Unsuitable 

Sodic 

Sh,SiSs 

Unsuitable 

Sodic 

Coal 

Unsuitable 

Carbonaceous 

Sish 

Unsuitable 

Sodic 

Legend 


Ss  -  Sandstone 

SiSs  -  Silty  sandstone 

Css  -  Clayey  sandstone 

Sist  -  Siltstone 

S  Sist  -  Sandy  siltstone 


C  Sist  -  Clayey  siltstone 

Sh  -  Shale 

Ssh  -  Sandy  shale 

Sish  -  Silty  shale 

Cbsh  -  Carbonaceous  shale 


Le  St  -  Limestone 


*  Suitability  determination  based  on  screenable  laboratory  data  only  - 
conductivity,  pH,  hydraulic  conductivity,  and  settling  volume. 
**  Laboratory  data  unavailable  -  no  sample  obtained. 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation 

Pumpkin  Creek  Study  Area 

Bedrock  Core  No.  77-102 


Depth 

0-11.5' 

11.5-17.0' 

17.0-24.8' 

24.8-44.2' 

44.2-66.0' 

66.0-82.5' 

82.5-88.5' 

88.5-121.0' 

121.0-140.0* 

140.0-154.0' 


Ss,Sh,S  Sist 

S  Sist 

CbSh,Coal 

Sh 

SiSs 

SiSs 

Ssh 

Coal 

SiSh,Ssh 

SiSh,Ssh 


Suitability 

** 

Limited 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 


Deficiency 


Slow  Perm. 

Carbonaceous 

Clay-Sodic 

Sodic 

Sodic 

Clay-Sodic 

Carbonaceous 

Clay-Sodic 

Sodic 


*  Suitability  determination  based  on  screenable  laboratory  data  only  - 
conductivity,  pH,  hydraulic  conductivity,  and  settling  volume. 
**  Laboratory  data  unavailable  -  no  sample  obtained. 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation 

Pumpkin  Creek  Study  Area 

Bedrock  Core  No.  77-103 


Depth 

0-11.0' 

11.0-29.5' 

29.5-40.7' 

40.7-56.2' 

56.2-68.0' 

68.0-78.3' 

78.3-86.3' 

86.3-94.5' 

94.5-115.0' 

115.0-131.0' 

131.0-145.0' 

145.0-159.8* 

159.8-191.0' 

191.0-204.5' 


Type 

Suitability 

Deficiency 

SiSs,Sh 

Suitable 

S  Sist.Sh 

Unsuitable 

Saline-Sodic 

C  Sist 

Unsuitable 

Saline-Sodic 

SiSs 

Unsuitable 

Sodic 

SiSs 

Limited 

Slow  Perm. 

Ssh,Sh 

Limited 

Slow  Perm. 

Coal,CbSh 

Unsuitable 

Carbonaceous 

Ssh 

Unsuitable 

Clay-Sodic 

SiSs-Css 

Unsuitable 

Sodic 

Ssh-Css 

Unsuitable 

Sodic 

Ssh 

Unsuitable 

Sodic 

Ssh 

Unsuitable 

Sodic 

Coal 

Unsuitable 

Carbonaceous 

SiSs-Css 

Unsuitable 

Sodic 

Table  37 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation 

Pumpkin  Creek  Study  Area 

Bedrock  Core  No.  77-104 


Depth 

0-12.0' 

12.0-18.0' 

18.0-20.0' 

20.0-26.5' 

26.5-35.5' 

35.5-37.0' 

37.0-55.2' 

55.2-80.0* 

80.0-103.5' 

103.5-113.0' 

113.0-113.5' 

113.5-119.5' 

119.5-120.5' 

120.5-129.9' 

129.9-144.5' 

144.5-155.5' 

155.5-156.7' 

156.7-167.0' 

167.0-167.5' 

167.5-179.5' 

179.5-202.7' 

202.7-215*5' 

215.5-225.0' 

225.0-244.0' 

244.0-259.5' 

259.5-272.0' 

272.0-289.5' 


Type 

Suitability 

Deficiency 

SiSs 

Unsuitable 

Saline 

Sh 

Unsuitable 

Sodic 

Le  St 

Unsuitable 

Indurated 

Ss,Sh 

Unsuitable 

Sodic 

Css,Cbsh 

Unsuitable 

Sodic-Carbonaceous 

Coal 

Unsuitable 

Carbonaceous 

Ss,Ssh,Css 

Unsuitable 

Sodic 

Ssh 

Unsuitable 

Clay-Sodic 

Ssh 

Unsuitable 

Clay-Sodic 

Css-Sh 

Unsuitable 

Sodic 

Coal 

Unsuitable 

Carbonaceous 

Sh 

Unsuitable 

Sodic 

Coal 

Unsuitable 

Carbonaceous 

Css,Sist 

Unsuitable 

Sodic 

Ssh 

Limited 

Slow  Perm. 

Sh 

Unsuitable 

Sodic 

Coal 

Unsuitable 

Carbonaceous 

Ssh,Css 

Unsuitable 

Sodic 

Coal 

Unsuitable 

Carbonaceous 

Cbsh,Css 

Unsuitable 

Sodic-Carbonaceous 

Sh,  Ss,Ssh 

Unsuitable 

Sodic 

Coal 

Unsuitable 

Carbonaceous 

Sh,SiSs 

Limited 

Slow  Perm. 

SiSs 

Unsuitable 

Sodic 

Sh,S  Sist 

Unsuitable 

Sodic 

Coal 

Unsuitable 

Carbonaceous 

S-C  Sist 

Unsuitable 

Sodic 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation 

Pumpkin  Creek  Study  Area 

Bedrock  Core  No.  77-105 


Depth 

0-15.8' 

15.8-26.8' 

26.8-40.0' 

40. 0-50. 5' 

50.5-62.0' 

62.0-77.0' 

77.0-94.5' 

94.5-108.5' 

108.5-109.0' 

109.0-130.0' 

130.0-142.0' 

142.0-161.2' 

161.2-174.0' 

174.0-189.5' 

189.5-190.0' 

190.0-198.0' 

198.0-206.0' 

206.0-222.5' 

222.5-236.3' 

236.3-251.5' 


Type 

Suitability 

Css,Sh,Ss 

Limited 

Sh,Css,Cbsh 

Suitable 

Ss 

Suitable 

Sh,Sh,Ssh 

Unsuitable 

Ss 

Suitable 

S  Sist 

Limited 

Sish,Ss,Sh 

Unsuitable 

Sh 

Unsuitable 

Coal 

Unsuitable 

Ssh 

Unsuitable 

Ssh 

Unsuitable 

Css,Ssh 

Unsuitable 

Css 

Unsuitable 

Sh 

Unsuitable 

Coal 

Unsuitable 

Sh,Css 

Unsuitable 

Sh 

Unsuitable 

Coal, Cbsh, Sist 

Unsuitable 

Coal 

Unsuitable 

S-C  Cist,Ss 

Limited 

Deficiency 
Clay-Slow  Perm. 

Sodic 

Sodic-Slow  Perm. 

Sodic 

Sodic 

Carbonaceous 

Sodic 

Sodic 

Sodic 

Sodic 

Sodic 

Carbonaceous 

Sodic 

Sodic 

Carbonaceous 

Carbonaceous 

Sodic-Slow  Perm. 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation 

Pumpkin  Creek  Study  Area 

Bedrock  Core  No.  77-106 


Depth 

0-18. 4 ' 

18.4-36.0' 

36.0-59.5' 

59.5-74.0' 

74.0-76.5' 

76.5-95.0' 

95.0-104.5* 

104.5-116.3' 

116.3-123.5' 

123.5-152.8' 

152.8-164.0' 


Type 

Suitability 

Deficiency 

Sist,Sh 

,Css 

Unsuitable 

Clay-Sodic 

S  Sist 

Unsuitable 

Sodic 

Ss 

Unsuitable 

Sodic 

Ssh.Ss, 

Sh 

Unsuitable 

Sodic 

Ss 

Unsuitable 

Sodic 

Sh 

Unsuitable 

Sodic 

Ss,Ssh 

Unsuitable 

Sodic 

SiSs 

Unsuitable 

Sodic 

Sh 

Unsuitable 

Sodic 

Coal 

Unsuitable 

Carbonaceous 

SiSs 

Unsuitable 

Sodic 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation 

Pumpkin  Creek  Study  Area 

Bedrock  Core  No.  77-107 


Depth 

0-14.5' 

14.5-32.0' 

32.8-39.0' 

39.0-59.0' 

59.0-64.8' 

64.8-74.5' 

74.5-88.0' 

88.0-117.8' 

117.8-131.5' 

131.5-132.4' 

132.4-151.8' 

151.8-164.5' 


Txpe 

Ssh,SiSs 

S  Sist 

Sh,  S  Sist 

SiSs,S  Sist 

Coal,Cbsh 

Ssh 

Ssh,Cbsh 

Sh 

Coal 

Sh 

Coal 

S  Sist.SiSs 


Suitability 

Unsuitable 

Limited 

Limited 

Limited 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 


Deficiency 

Saline-Sodic 

Slow  Perm. 

Slow  Perm. 

Slow  Perm. 

Carbonaceous 

Sodic 

Clay-Sodic 

Clay-Sodic 

Carbonaceous 

Clay-Sodic 

Carbonaceous 

Sodic 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation 

Pumpkin  Creek  Study  Area 


Bedrock  Core  No.  77-108 


Depth 

0-20.0' 

20.0-40.0' 

AO.0-65.0' 

65.0-87.8' 

87.8-118.7' 

118.7-134.0' 


Type 

Suitability 

Deficiency 

Sh,SiSs 

Limited 

Clay-Slow  Perm 

Ssh 

Unsuitable 

Sodic 

Ssh 

Unsuitable 

Sodic 

Ssh,Sh 

Unsuitable 

Sodic 

Coal 

Unsuitable 

Carbonaceous 

Sh,Ss 

Unsuitable 

Sodic 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation 

Pumpkin  Creek  Study  Area 

Bedrock  Core  No.  77-109 


Depth 

0-15.0' 

15.0-17.5' 

17.5-34.0' 

34.0-50.2' 

50.2-62.0' 

62.0-82.5' 

82.5-116.3' 

116.3-130.0' 

130.0-142.5' 


Sh,Cbsh 

Coal 

Cbsh,Ssh 

Css,Sh 

Ss,Ssh,Sh 

Ss,Sh 

Coal 

S  Sist 

S  Sist 


Suitability* 

Limited 

Unsuitable 

Limited 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 


Deficiency 

Salinity-Carbonaceous 

Carbonaceous 

Slow  Perm. -Carbonaceous 

Sodic 

Sodic 

Sodic 

Carbonaceous 

Sodic 

Sodic 


*  Suitability  determination  based  on  screenable  laboratory  data  only  -  conductivity, 
pH,  hydraulic  conductivity,  and  settling  volume. 
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Suitability  of  Bedrock  Material  for  Use  as  Plant  Media  in  Revegetation 

Pumpkin  Creek  Study  Area 

Bedrock  Core  No.  77-110 


Depth 

0-15.5' 

15.5-27.0' 

27.0-42.0' 

42.0-48.0' 

48.0-74.0' 

74.0-88.8' 

88.8-119.5' 

119.5-134.0' 


Izpe 

Sist 

Coal,Cbsh 

Css 

Ssh 

Css,Ssh 

Css,Cbsh 

Coal 

Sist,SiSs 


Suitability* 

Limited 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 

Unsuitable 


Deficiency 

Sodic-Slow  Perm. 

Carbonaceous 

Sodic 

Sodic 

Sodic 

Sodic-Carbonaceous 

Carbonaceous 

Sodic 


*  Suitability  determination  based  on  screenable  laboratory  data  only  - 
conductivity,  pH,  hydraulic  conductivity,  and  settling  volume. 
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Established  Series 

Rev.  AJC 

1/77 

ARVADA  SERIES 

The  Arvada  series  consists  of  deep,  well  drained  soils  that  formed  in  material  mainly  from  sedimentary 
rocks.   Arvada  soils  are  on  uplands  or  alluvial  fans  and  have  slopes  of  0  to  10  percent.   The  mean  annual 
precipitation  is  about  14  inches  and  the  mean  annual  air  temperature  is  about  46°F. 

Taxonomic  Class:   Fine,  mon tmor il lonit ic ,  mesic  Ustollic  Natrargids. 

Typical  Pedon:   Arvada  fine  sandy  loam  -  grassland.   (Colors  are  for  dry  soil  unless  otherwise  noted.) 

A2 — 0  to  4  inches;  light  gray  ( 1 OYR  7/2)  fine  sandy  loam,  grayish  brown  ( 1 OYR  5/2)  moist;  moderate 
very  thin  platy  structure  that  parts  to  moderate  fine  granular;  soft,  very  friabl-e;  vesicular; 
noncalcareous;  mildly  alkaline  (pH  7.8);  abrupt  smooth  boundary.   (0  to  6  inches  thick) 

g25 — 4  to  14  inches;  brown  (10YR  5/3)  clay,  dark  brown  (10YR  4/3)  moist;  moderate  medium  columnar 
structure  that  parts  to  moderate  medium  angular  blocky;  extremely  hard,  firm,  very  plastic;  moderate 
continuous  wax-like  coatings  on  faces  of  peds  and  in  root  channels;  strongly  alkaline  (pH  9.2);  ESP  20 
percent;  clear  smooth  boundary.   (8  to  14  inches  thick) 

B3casa — 14  to  20  inches;  brown  (10YR  5/3)  heavy  clay  loam,  dark  brown  (10YR  4/3)  moist;  weak  medium 
subangular  blocky  structure;  extremely  hard,  firm,  very  plastic;  weak  visible  accumulation  of  calcium 
carbonate  and  other  salts  as  crystals,  in  concretions,  and  in  thin  seams  and  streaks;  few  thin  glossy 
patches  on  faces  of  peds;  some  wax-like  fillings  in  root  channels;  calcareous;  very  strongly  alkaline  ( pH 
9.0);  20  percent  exchangeable  sodium;  gradual  smooth  boundary.   (5  to  10  inches  thick) 

Ccasa — 20  to  60  inches;  light  yellowish  brown  (2.5Y  6/3)  heavy  clay  loam,  light  olive  brown  (2.5Y 
5/3)  moist;  massive;  hard,  friable;  plastic;  moderate  accumulation  of  visible  calcium  carbonate  and  other 
soluble  salts  as  crystals,  in  thin  seams  and  streaks,  and  in  concretions;  strongly  alkaline  (pH  8.8);  20 
percent  exchangeable  sodium. 

Type  Location:   Sheridan  County,  Wyoming;  650  feet  south  and  200  feet  west  of  the  NE  corner  of  section  29, 
T.55N.,  R.78W. 

Range  in  Characteristics:   Depth  to  calcareous  material  ranges  from  0  to  12  inches,  thickness  of  solum 
ranges  from  15  to  30  inches.   Organic  carbon  in  the  upper  15  inches  averages  more  than  0.6  percent.   Thin 
Al  horizons  occur  in  some  pedons.   Light  colored  platy  A2  horizons  are  generally  present  but  are  absent  in 
some  pedons.   Cravel  is  typically  less  than  5  percent  and  ranges  from  0  to  15  percent.   Mean  annual  soil 
temperature  ranges  from  47°  to  58°F.,  the  mean  summer  soil  temperature  ranges  from  59°  to  78°F.   Length  of 
time  the  soil  temperature  at  20  inches  exceeds  41°F.  normally  ranges  from  230  to  305  days.   Length  of  time 
(cumulative)  the  soil  is  moist  in  some  part  of  the  moisture  control  section  while  the  soil  temperature  at 
20  inches  i6  above  41°F.  normally  ranges  from  56  days  to  152  days,  but  in  most  years,  it  should  not  be 
less  than  one-fourth  or  more  than  one-half  of  the  time  the  soil  is  above  41°F. 

The  A  horizon  has  hue  of  2 .  5Y  or  10YR,  value  of  5  or  6  dry  or  4  or  5  moist,  and  chroma  of  2  through  4.   It 
ranges  from  mildly  to  strongly  alkaline.   Consistence  is  soft  or  slightly  hard.   The  B2t  horizon  has  hue 
of  2 .  5Y  through  7.5YR,  value  of  5  or  6  dry,  4  or  5  moist  and  chroma  of  2  through  4.   It  is  typically  clay, 
but  clay  ranges  from  35  to  60  percent,  silt  from  10  to  50  percent,  and  sand  from  5  to  50  percent.   This 
horizon  ranges  from  strongly  to  very  strongly  alkaline  ( pH  8.8  to  10.0)  and  has  from  15  to  34  percent 
exchangeable  sodium.   Its  cation  exchange  capacity  ranges  from  70  to  100  mil iequivalents  per  100  grams  of 
c  lay. 

The  C  horizon  has  hue  of  2 .  5Y  through  7.5YR.   It  ranges  from  strongly  alkaline  to  very  strongly  alkaline 
(pH  8.6  to  10.0)  and  contains  4  to  12  percent  calcium  carbonate  equivalent.   ESP  typically  ranges  from  10 
to  30  percent,  but  generally  decreases  with  increasing  depth. 

Competing  Series:   These  are  the  Allentine,  Bone,  Deertrail,  Gilt  Edge,  and  Winnett  series.   Allentine  and 
Gilt  Edge  soils  have  less  than  15  percent  exchangeable  Na  in  the  B2t  horizon.   Bone  soils  have  combined 
thickness  of  the  A2  and  Bt  horizons  of  less  than  5  inches.   Deertrail  soils  have  less  than  15  percent 
exchangeable  sodium  in  the  upper  part  of  the  B2t  horizon.   Winnett  soils  have  a  paralithic  contact  within 
40  inches  of  the  surface  and  have  A  horizons  5  to  8  inches  thick. 

Geographic  Setting:   The  Arvada  soils  are  on  uplands  and  alluvial  fans.   Gradients  range  from  0  to  10 
percent.   The  soils  formed  in  thick,  medium  to  moderately  fine  textured  sediments  usually  derived  from 
sedimentary  rocks  or  pedisediments  of  .mixed  origin.   At  the  type  location,  the  average  annual 
precipitation  is  14  inches,  with  peak  periods  of  precipitation  occurring  during  the  spring  and  summer. 
The  mean  annual  temperature  is  about  46°F.,  and  the  mean  summer  temperature  is  67°F.   The  frost-free 
season  is  100  to  130  days. 
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Arvada  Series 

Geographically  Associated  Soils:   These  are  the  Abated,  Renohill  and  Ulm  soils.   Absted  soils  have  less 
than  15  percent  sodium  in  the  upper  part  of  the  argillic  horizon.   Renohill  and  Ulm  soils  lack  natric 
horizons. 

Drainage  and  Permeability:   Well-drained;  medium  to  rapid  runoff;  very  slow  permeability. 

Use  and  Vegetation:   These  soils  are  generally  used  as  native  pastureland.   Native  vegetation  is 
principally  short  grass,  weeds,  and  cactus,  with  common  barren  areas. 

Distribution  and  Extent:   Eastern  Wyoming,  and  Montana.   The  series  is  of  moderate  extent. 

Series  Established:   Sheridan  County,  Wyoming,  1932. 

Remarks:   These  6oils  frequently  occur  in  a  complex  pattern  with  other  soils. 

National  Cooperative  Soil  Survey 
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Established  Series 

Rev.  CAM 

3/71 

BONE  SERIES 

The  Bone  series  is  a  member  of  the  fine,  montmorillonitic  (calcareous),  mesic  family  of  Ustic 
Torriorthents.   Typically,  Bone  soils  have  white  massive  surface  crusts  vesicular  loam  A2 
horizons,  light  brownish  gray  columnar  clay  B2t  horizons  about  3  inches  thick  and  pale  olive 
salt-flecked,  granular  clay  B3  horizons,  grading  to  pale  olive  calcareous  clay  C  horizons. 

Typifying  Pedon:   Bone  silty  clay  -  native  cover 

(Colors  are  for  dry  soil  unless  otherwise  noted.) 

A2  0-1"— White  (2.5Y  8/2)  loam,  grayish  brown  (2.5Y  5/2)  moist;  massive;  hard,  friable, 

slightly  sticky,  slightly  plastic;  silt  and  sand  grains  are  uncoated  and  unstained; 
many  fine  vesicules;  nonef fervescent ;  abrupt  smooth  boundary.   (1/2  to  2  inches 
thick) 

B2t     1-3"— Light  brownish  gray  (2.5Y  6/2)  light  silty  clay,  olive  brown  (2.5Y  4/3)  moist; 
weak  coarse  columnar  structure  that  separates  to  strong  very  fine  angular  blocks; 
hard,  firm,  sticky,  plastic;  distinct  clay  films  on  all  faces  of  peds ;  nonef fervescent ; 
moderately  alkaline;  clear  boundary.   (1  to  3  inches  thick) 

B3ca    3-12" — Pale  olive  (5Y  6/3)  clay,  olive  (5Y  5/4)  moist;  moderate  coarse  granular  structure; 
hard,  firm,  very  sticky,  very  plastic;  many  seams  and  nests  of  gypsum  and  salts; 
moderate  effervescence;  moderately  alkaline;  gradual  boundary.   (6  to  15  inches 
thick) 

CI      12-23"— Pale  olive  (5Y  6/3)  clay,  olive  (5Y  5/4)  moist;  moderate  medium  and  fine  blocky 
structure;  very  hard,  firm,  very  sticky,  very  plastic;  few  seams  and  nests  of  salt 
and  gypsum;  moderate  effervescence;  very  strongly  alkaline;  gradual  boundary.   (6 
to  16  inches  thick) 

C2      23-65"— Pale  olive  (5Y  6/3)  clay,  olive  (5Y  5/4)  moist;  massive;  very  hard,  very  firm, 
very  sticky,  very  plastic;  few  seams  and  nests  of  salt  and  gypsum;  moderate  effer- 
vescence; very  strongly  alkaline. 

Tvpe  Locatiori:   Yellowstone  County,  Montana;  1,400  feet  south  and  400  feet  east  of  NW  corner 
~Zi   section  21,  T.3N.,  R.24E. 

Range  in  Characteristics:   The  noncalcareous  part  of  the  solum  and  depth  to  the  base  of  the 
B2t  horizon  range  from  2  to  5  inches.   Mean  annual  soil  temperature  ranges  from  47°  to  53°F. , 
and  average  summer  soil  temperature  ranges  from  60°  to  65°F.   Hue  of  the  soil  is  10YR  through 
5Y.   The  A2  horizon  has  value  of  6  or  7  dry  and  4  through  6  moist.   White  vesicular  massive 
crusts  1/8  to  1/2  inch  thick  form  on  the  surface  of  dry  cultivated  fields.  Where  the  A2  horizon 
is  thicker  than  1  inch,  it  has  thick  platy  structure.   The  B2t  horizon  has  value  of  5  or  6 
dry,  3  or  4  moist  and  chroma  of  2  through  4.   It  has  strong  fine  columnar,  strong  fine  blocky 
or  strong  coarse  granular  structure.   The  amount  of  visible  gypsum  and  salt  decreases  below 
a  depth  of  10  to  20  inches.   Soluble  salt  concentrations  range  from  2  to  3  percent.   The  B3ca 
horizon  is  granular  or  blocky  and  has  clay  films  on  peds  in  some  pedons. 

Competing  Series  and  their  Differentiae:   These  are  the  Arvada,  Gaynor,  Limon  (tentative),  Nobe, 
Pctrie,  Sage  and  Seebree  series.   Arvada  soils  have  B2t  horizons  more  than  8  inches  thick  ex- 
tending to  depths  of  about  14  inches.   Seebree  soils  have  an  alkali-  and  lime-cemented  hardpan. 
Sage  soils  lack  B2t  horizons  and  have  salic  horizons  and  mottled  colors.   Nobe  soils  have  summer 
temperatures  ranging  from  55°  to  59°F.   Gaynor,  Limon  and  Petrie  soils  lack  salic  horizons  and 
crusted  surfaces.   In  addition,  the  Gaynor  and  Limon  soils  are  moderately  alkaline  throughout 
and  Gaynor  soils  have  shale  bedrock  at  depths  of  less  than  40  inches. 

Setting:  Bone  soils  are  in  level  to  sloping  positions  on  uplands  and  in  valleys.  They  formed 
in  clayey  transported  or  residual  materials  that  are  saline  and  alkali.   The  climate  is  cool 
semlarid  with  a  mean  annual  temperature  of  44  "to  48°F. ,  mean  summer  temperature  ranging  from 
60°  to  70*F.,  and  a  mean  annual  precipitation  ranging  from  6  to  14  inches. 
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Bone  Series 

Principal  Associated  Soils:   These  are  the  competing  Arvada  soils.   The  pattern  of  their  associ- 
ation is  complex  with  the  diameter  of  areas  of  Bone  soils  measured  in  a  few  tens  of  feet. 

Drainage  and  Permeability;   Infiltration  and  permeability  rates  are  very  slow  in  this  soil. 
Water  saturated  substrata  layers  are  of  short  period  duration  except  where  water  table  develops 
under  irrigation. 

Use  and  Vegetation:   In  native  grasslands,  areas  of  Bone  soils  are  barren  or  have  a  sparse 
cover  of  alkali  tolerant  f orbs ,  greasewood,  saltgrass,  and  western  wheatgrass.   Areas  under 
cultivation  remain  barren  or  produce  low  yields  of  grain  and  alfalfa  under  dryland  or  irrigated 
agriculture. 

Distribution  and  Extent:   Semiarid  regions  of  the  Northern  Great  Plains.   Bone  soils  are  extensive 
in  their  collective  areas,  but  locally  they  are  inextensive. 

Series  Established:   Big  Horn  County  (Big  Horn  Area),  Montana,  1970. 

Remarks :   The  Bone  soils  were  formerly  classified  as  Solonchak  soils. 

National  Cooperative  Soil  Survey 
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Established  Series 
Rev.  CAM-RLM  JEB 
7/73 
BEW  SERIES 

The  Bew  series  is  a  member  of  the  fine,  montmorillonitic ,  mesic  family  of  Ustertic  Haplargids. 
Typically,  Bev  soils  have  grayish  brown  clay  Ap  horizons  and  grayish  brown  grading  to  light  brownish 
gray  prismatic  clay  B2t  horizons  with  distinct  varnish-like  films  on  peds  and  on  walls  of  pores. 
Nodules  and  film9  of  segregated  lime  appear  in  the  lower  B  and  upper  C  horizons  of  calcareous  clay 
grading  to  calcareous  clay  loam. 

Typifying  Pedon;   Bew  clay  -  cultivated 

(Colors  are  for  dry  soil  unless  otherwise  noted.) 

Ap      0-6"--Grayish  brown  (2.5Y  5/2)  clay,  dark  grayish  brown  (2.5Y  4/2)  moist;  moderate  medium  and 
fine  granular  structure;  hard,  firm,  very  sticky,  very  plastic;  neutral  (pH  6.8);  clear 
smooth  boundary. 

B21t    6-ll"--Grayish  brown  (2.5Y  5/2)  clay,  olive  brown  (2.5Y  4/3)  moist;  moderate  medium  prismatic 

structure  that  separates  to  moderate  medium  and  fine  blocks;  very  hard,  very  firm,  very 

sticky,  very  plastic;  distinct  film  on  faces  of  peds  and  walls  of  pores;  neutral  (pH  7.1); 
clear  wavy  boundary. 

B22t    ll-17"--Light  brownish  gray  (2.5Y  6/2)  clay,  dark  grayish  brown  (2.5Y  4/2)  moist;  weak  medium 

blocky  structure;  very  hard,  very  firm,  very  sticky,  very  plastic;  distinct  film  on  faces  of 
peds  and  on  walls  of  pores;  weak  effervescence,  with  few  lime  segregations;  moderately  alka- 
line; gradual  wavy  boundary.   (B2t  horizon  7  to  20  inches  thick) 

B3ca    17-22"--Light  brownish  gray  (2.5Y  6/2)  clay,  grayish  brown  (2.5Y  5/2)  moist;  weak  medium 

blocky  structure;  very  hard,  very  firm,  very  sticky,  very  plastic;  moderate  effervescence 
with  few  masses  of  lime;  moderately  alkaline;  gradual  wavy  boundary.   (0  to  7  inches  thick) 

Clca    22-32"--01ive  gray  (5Y  5/2)  clay,  olive  (5Y  4/3)  moist;  massive;  very  hard,  very  firm,  very 

sticky,  very  plastic;  strong  effervescence;  common  threads  and  fine  masses  of  lime;  moder- 
ately alkaline;  gradual  wavy  boundary.   (5  to  6  inches  thick) 

C2      32-60"--01ive  gray  (5Y  5/2)  clay  loam,  olive  (5Y  4/3)  moist;  massive;  very  hard,  firm,  very 

sticky,  very  plastic;  moderately  alkaline;  strong  effervescence;  few  small  pebbles  increas- 
ing to  30  percent  in  the  lower  part. 

Type  Location:  Yellowstone  County,  Montana;  930  feet  west  and  33  feet  south  of  NE  corner  of  sec.  32, 
T.2N.,  R.25E. 

Range  in  Characteristics:  The  noncalcareous  part  of  the  solum  ranges  from  11  to  20  inches  thick.   The 
Bew  soils  have  clay  textures  to  depths  of  30  or  more  inches.   The  clay  is  of  expanding  type  with 
exchange  capacity  ranging  from  50  to  70  millequivalents  per  100  grams  of  lime-free  clay.   Organic 
matter  averages  2  percent  in  the  upper  15  inches.   The  soils  are  usually  dry  when  not  frozen  unless 
they  are  irrigated.   They  have  mean  annual  soil  temperature  ranging  from  48°  to  54 °F.   Hue  is  10YR  or 
2.5Y  in  the  solum  and  2.5Y  or  5Y  in  substratum  horizons.   Chroma  is  2  or  3.   The  Ap  horizon  has  value 
of  5  or  6  dry.   The  3-  to  5-inch  thick  clay  loam  Al  horizon  has  value  of  6  dry  and  4  moist.   The  upper 
few  inches  of  the  B2t  horizon  has  value  of  4  or  5  coated  and  5  crushed,  and  3  or  4  moist,  coated  or 
crushed.   The  B2t  horizon  has  50  to  60  percent  clay,  and  has  10  to  15  percent  more  clay  than  the  Ap 
horizon  and  from  5  to  10  percent  more  clay  than  in  the  upper  C  horizon.   It  has  moderate  to  strong 
prismatic  or  blocky  structure  that  separates  to  fine  blocks.   The  Cca  horizon  has  few  to  common  threads 
and  masses  of  segregated  lime.   Contrasting  strata  of  transported  material  or  of  shale  occur  below 
depths  of  40  inches  in  some  pedons. 

Competing  Series  and  their  Differentiae:   These  are  the  Archuleta,  Arnhart,  Baca,  Big  Horn,  Briggsdale, 
Hesper,  Hinman,  Malposa,  Renohill,  Thurlow  and  Ulm  series.   Archuleta  soils  have  less  than  15  percent 
fine  or  coarser  9and  in  the  B2t  and  C  horizons  and  have  35  to  50  percent  clay  in  the  B2t  horizon. 
Arnhart  soils  have  CEC  of  150  to  300  millequivalents  per  100  grams  of  clay  and  have  less  than  50  percent 
clay  in  the  B2t  horizon.   Baca,  Hesper,  Renohill,  Thurlow  and  Ulm  soils  have  35  to  50  percent  clay  in 
the  B2t  horizon.   In  addition,  Renohill  soils  have  shale  bedrock  at  depth  of  about  30  inches  and  Hesper 
soils  have  silt  loam  C  horizons.   Big  horn  and  Briggsdale  soils  have  an  abrupt  boundary  between  the  A 
horizons  and  the  clay  B2t  horizons.   Hinman  soils  have  less  than  one  percent  organic  matter  in  the 
upper  15  inches  of  the  pedon.   Malposa  soils  have  mixed  clay  types  with  less  than  50  percent  cation 
exchange  capacity  and  have  sandstone  or  shale  bedrock. 

Setting:   The  Bew  soils  are  on  uplands  and  in  valleys  on  deep  calcareous  clay  materials.   The  climate 

is  cool  semiarid  with  mean  annual  temperatures  of  45°  to  50°F.;  mean  summer  temperatures  of  65°  to  70°F.; 

and  average  annual  rainfall  of  8  to  14  inches. 
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Bew  Series 

Principal  Associated  Soils;  These  are  the  Allentine,  Galata  and  Kyle  soils  and  the  competing  Thurlow 
soils.   Allentine  and  Galata  soils  have  natric  horizons  and  have  much  gray  silt  coating  peds  in  the 
epipedon  and  in  the  Galata  soils  this  continues  into  the  upper  part  of  the  argillic  horizon.   Kyle  soils 
lack  argillic  horizons. 

Drainage  and  Permeability;   Well-drained;  slow  permeability. 

Use  and  Vegetation:   Used  primarily  for  irrigated  and  nonirrigated  cropland.   Native  vegetation  is 
mainly  western  wheatgrass,  blue  grama  and  sagebrush. 

Distribution  and  Extent;   Throughout  southeastern  Montana.   It  is  moderately  extensive. 

Series  Established;   Treasure  County,  Montana,  1963. 

Remarks;   The  Bew  soils  were  formerly  classified  as  Brown  soils. 

National  Cooperative  Soil  Survey 
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CABBA  SERIES 


The  Cabba  series  consists  of  well  drained  soils  that  formed  in  material  weathered  from  soft  sedimentary 
rook  and  have  sedimentary  beds  at  depths  of  8  to  20  inches.   Cabba  soils  are  on  uplands  and  are  moderately 
sloping  to  very  steep.   The  mean  annual  precipitation  is  about  14  inches  and  the  mean  annual  air 
temperature  is  about  45°F. 

Taxonomic  Class:   Loamy,  mixed  (calcareous),  frigid,  shallow  Typic  Ustorthents. 

Typical  Pedon:   Cabba  cobbly  clay  loam,  native  grassland.   (Colors  are  for  dry  soil  unless  otherwise 
noted  .) 

A1--0  to  2  inches;  grayish  brown  (2.5Y  5/2)  cobbly  clay  loam,  grayish  brown  ( 2 . 5Y  4/2)  moist; 
moderate  fine  crumb  structure;  slightly  hard,  friable,  slightly  sticky  and  slightly  plastic;  many  fine 
roots  and  pores;  15  to  20  percent  cobbles,  gravel  and  stones;  neutral  (pH  7.3);  gradual  wavy  boundary.   (2 
to  5  inches  thick) 

AC — 2  to  7  inches;  grayish  brown  ( 2 . 5Y  5/2)  gravelly  light  clay  loam,  dark  grayish  brown  (2.5Y  4/2) 
moist;  moderate  very  fine  subangular  blocky  structure;  slightly  hard,  friable,  slightly  sticky  and 
slightly  plastic;  20  percent  pebbles;  many  fine  roots  and  pores;  neutral  (pH  7.3);  gradual  wavy  boundary. 
(2  to  10  inches  thick) 

C1--7  to  18  inches;  very  pale  brown  (10YR  7/2)  gravelly  loam,  grayish  brown  (10YR  5/2)  moist; 
massive;  evidence  of  rock  structure  in  small  fragments  of  weakly  consolidated  siltstone;  slightly  hard, 
friable,  nonsticky  and  slightly  plastic;  many  fine  roots  and  pores;  20  percent  pebbles;  slightly 
effervescent;  coatings  of  lime  on  soft  rock  fragments;  clear  wavy  boundary.   (6  to  15  inches  thick) 

C2 — 18  to  60  inches;  light  gray  (10YR  7/2)  soft  sedimentary  bedrock,  grayish  brown  (10YR  5/2)  moist; 
can  be  chipped  out  only  with  a  sharp  instrument  when  dry  but  softens  quickly  on  soaking  in  water,  and 
becomes  material  that  rubs  to  a  loam  texture;  roots  in  cracks  and  some  roots  through  plates;  massive  rock; 
mildly  alkaline  (pH  7.8.) 

Type  Location:   Granite  County,  Montana;  1000  feet  north  and  1500  feet  east  of  the  southwest  corner  of 
section  35,  5. ION.,  R.12W. 

Range  in  Characteristics:  Depth  to  sedimentary  beds  is  8  to  20  inches.  Mean  annual  soil  temperature 
ranges  from~40°  to  47°F.  The  hue  is  10YR  or  2.5Y.  Rock  fragments  range  from  0  to  35  percent  and  are 
mainly  of  gravel  size. 

The  A  horizon  has  hue  of  10YR  or  2.5Y,  value  of  5  or  6  dry,  3  or  4  moist,  and  chroma  of  1  or  2.   It  ranges 
from  fine  sandy  loam  through  silt  loam. 

The  C  horizon  has  hue  of  10YR  through  5Y ,  value  of  5  through  8  dry,  4  through  7  moist,  and  chroma  of  1 
through  3.   It  is  loam,  silt  loam,  eilty  clay  loam  or  light  clay  loam  and  has  20  to  35  percent  clay.   The 
underlying  sedimentary  beds  rub  to  silt  loam  or  loam.   This  horizon  is  mildly  or  moderately  alkaline. 

Competing  Series:   These  are  the  Abac  and  Cohagen  series  in  the  same  family  and  the  related  Cabbart,  Kuro, 
Midway  and  Wayden  series.   Abac  soils  have  hue  of  5YR  or  redder.   Cabbart  soils  have  an  aridic  moisture 
regime  that  borders  on  an  ustic  regime.   Cohagen  soils  have  sandy  loam  C  horizons.   Kuro  soils  contain  36 
to  45  percent  clay.   Midway  soils  have  soil  temperature  warmer  than  47°F.   Wayden  soils  have  36  to  50 
percent  clay. 

Geographic  Setting:   Cabba  soils  are  moderately  sloping  to  very  steep  and  are  on  uplands  at  elevations  of 
2000  to  4800  feet.   They  formed  in  material  weathered  from  12  to  19  inches  with  areas  receiving  less  than 
14  inches  having  cooler  temperatures  and  lower  evaporation.   Most  of  the  precipitation  falls  in  the  spring 
and  early  summer.   Mean  annual  temperature  ranges  from  41°  to  45°F.   The  (32°F.)  growing  season  is  90  to 
135  days. 

Geographical ly  Associated  Soi Is :   These  are  the  Barvon,  Campspass,  Farland,  Judith,  Ringling,  Shane  and 
Thebo  soils.   Barvon  soils  have  a  mollic  epipedon  and  are  20  to  40  inches  deep  to  siltstone.   Campspass 
and  Farland  soils  have  argillic  horizons.   Judith  soils  have  a  calcareous  horizon  immediately  beneath  the 
mollic  epipedon.   Ringling  soils  are  fragmental.   Shane  soils  contain  more  than  60  percent  clay.   Thebo 
soils  contain  more  than  35  percent  clay. 

Drainage  and  Permeability:   Well  drained;  moderate  permeability. 

Ose  and  Vegetation;   Used  for  rangeland.   Native  plants  are  bluebunch  wheatgrass,  little  bluestem, 

need leand thread, western  wheatgrass,  green  needlegrass,  annual,  and  low-den6ity  stands  of  ponderosa  pine. 
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Cabba   Series 

Distribution  and  Extent:      Widely  distributed    in  Montana.      Cabba   soils   are  of  moderate   extent. 

Series   Established:      Granite  County,    Montana,    1969. 

Remarks:      The   nature  of    the    sedimentary   beds    is  currently   under    study.      The   classification  of    the    seriej 
may   need    to  be  changed    if    these    soils   lack   a    paralithic    contact    at    shallow  depth. 
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Established  Series 
Rev.  RI.M/CAM 
5/71 
CUS1IMAN  SERIES 

The  Cushman  serie:;  lb  a  member  of  the  fine- loamy,  mixed,  mesic  family  of  Ustollic  Kaplatgids.   Typically, 
Cushman  soils  have  noncalcaveoua  soliuus  about  7  inches  thick  with  grayish  brown  loam  Al  horizons,  brown 
prismatic  light  clay  loam  B2t  horizons  with  dark  brown  coatings  on  prisms,  pale  brown  light  clay  loam 
B3  horizons  with  small  white  masses  of  segregated  lime,  and  light  brownish  gray  Cca  horizons  resting  on 
interbedded  shale  and  sandstone  at  depths  of  about  24  inches. 

Typifying  Pedon:   Cushman  loam  -  native  grass 

(Colors  are  of  dry  soil  unless  otnerwise  noted.) 

Al    —   0-2"  —  Grayish  brown  (10YR  5/2)  loam,  dark  grayish  brown  (10YR  4/2)  moist;  weak  fine  granular 
structure;  soft,  very  friable,  slightly  sticky,  slightly  plastic;  neutral  (pH  7.0);  clear 
boundary.   (1  to  3  inches  thick) 

B2t   —   2-7"  —  Brown  (10YR  5/3)  light  clay  loam,  dark  brown  (10YR  4/3)  moist;  coated  dark  brown  (10YR  4/3), 
dark  brown  (10YR  3/3)  moist;  moderate  medium  prismatic  structure;  hard,  friable,  slightly  sticky, 
slightly  plastic;  thin  clay  films  and  clay  bridging  mineral  grains;  neutral  (pH  7.0);  clear 
boundary.   (4  to  7  inches  thick) 

B3ca  —    7-12"  —  Tale  brown  (10YP  0/3)  light  clay  loam,  brown  (10YR  5/3)  moist;  moderate  medium  prismatic 
structure;  hard,  friable,  slightly  sticky,  slightly  plastic;  moderate  effervescence  with  common 
soft  masses  or  nodules  of  segregated  lime;  gradual  boundary.   (4  to  6  inches  thick) 

Cca   —   12-24"  —  Light  brownish  gray  (2.5Y  6/2)  loam,  light  olive  brown  (2.5Y  5/3)  moist;  wc^-.k  coarse 
prismatic  structure  grading  to  massive;  hard,  friable;  moderate  effervescence  with  common 
nodules  of  lime;  few  sandstone  and  shale  fragments;  abrupt  boundary.   (10  to  30  inches  thick) 

C2    —   24-30"  —  Olive  colored  Interbedded  loam  shales  and  sandstone. 

Type  Location:   Treasure  County,  Montana;  250  feet  south  and  10  feet  west  of  NE  corner  of  sec.  6,  T.  7  N. , 
R.  34  E. 

Range  in  Characteristics:   The  Cushman  soils  are  usually  dry  unless  irrigated,  but  are  moist  in  some  part 
above  12  inches  more  than  half  the  time.   The  average  annual  soil  temperature  is  47   to  53  F.   The  noncal- 
careous  part  of  the  solum  is  6  to  10  inches  thick.   Depth  to  bedrock  is  20  to  40  inches.   Hue  is  2.5Y  or 
10YR.   The  cultivated  soil  has  Ap,  Bca,  Cca,  C2  horizon  sequence  in  some  pedons  with  the  Ap  horizon  having 
value  of  5  or  5.5  dry  and  3.5  or  4  moist,  and  chroma  of  2  or  3.   The  B2t  horizon  has  from  25  to  30  percerft 
clay  with  5  to  10  percent  more  clay  than  in  Al  horizon.   The  Bca  horizon  has  redder  hue  than  the  underlying 
C  horizons.   The  Cca  horizon  is  distinct  but  is  not  a  calcic  horizon. 

Competing  Series  and  their  Differentiae:   These  are  the  Clovis,  Fort  Collins,  Fruita,  Hagerman,  Los  Alamos, 
Mack,  Mesa,  Millctt,  Orchard,  Penistaja,  Potts,  Progresso,  Schelle,  Stonehara,  Tapia,  Toluca,  and  Treasure 
series.   Of  these,  only  the  Fattig,  Hagernun,  and  Progresso  soils  have  either  paralithic  or  lithic  contacts 
within  depth  of  40  inches.   Fattig  soils  have  dry  value  of  3  or  4  dry  and  1  through  3  moist  in  the  A  and  B 
horizons  and  formed  in  dark  colored  carbonaceous  materials.   Hagerman  soils  have  7 . 5YR  or  5YR  hue  in  the 
B2t  horizon.   Progresso  soils  have  a  lithic  contact  at  depths  of  21  to  40  inches. 

Setting:   The  Cushman  soils  occur  on  upland  bedrock  plains.   They  formed  in  calcareous  loam  materials  from 
weakly  consolidated  beds  of  mixed  mineralogy.   The  climate  is  cool  semiarid  with  mean  annual  temperature  of 
45  to  47  F. ,  average  summer  temperature  of  65  F.  or  warmer,  and  a  mean  winter  temperature  of  2fl   to  35  F. 
Mean  annual  precipitation  is  10  to  14  inches,  with  8  to  10  inches  falling  during  April  through  October. 

Principal  Associated  Soils:   Tiiesc  are  the  Bainville,  Briggsdale,  McRae,  Midway,  Razor,  and  Tullock  soils, 
and  the  competing  Fort  Collins  soils.   Bainville,  Tullock,  McRae,  Midway,  and  Razor  soils  lack  Bt  horizons. 
Briggsdale  soils  have  fine  particle  size  class. 

Drainage  and  Permeability:   Well-drained;  moderately  permeable. 

Use  and  Vegetation:   Used  for  nonirrigated  production  of  small  grains  and  as  rangeland.   Native  vegetation 
Is  western  whentgrass,  prairie  junegrass,  needle-and-thrt ad,  blue  grama,  and  sagebrush. 

Distribution  and  Extent:   Southeastern  Montana  and  northern  Wyoming.   It  is  an  extensive  series. 

Series  Established:   Big  Horn  County,  Montana,  1941. 

Remarks:   The  Cushman  soils  were  formerly  classified  as  Brown  soils. 
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FARLAND  SERIES 

The  Farland  series  consists  of  deep,  well  drained  soils  that  formed  in  stratified  alluvium  on 
terraces  and  valley  footslopes.  Permeability  is  moderate  or  moderately  slow.  Slopes  range  from  0 
to  9  percent.  Mean  annual  precipitation  is  about  14  inches,  and  mean  annual  temperature  is  about 
42°  F. 

Taxonomic  Class :  Fine-silty,  mixed  Typic  ^rgiborolls. 

Typical  Pedon:   Farland  silt  loam  on  an  east  facing  1  percent  slope  in  native  grassland. 
(Colors  are  for  dry  soil  unless  otherwise  stated.  When  described,  the  soil  was  moist  to  13  inches 
and  dry  below. ) 

A1--0  to  4  inches;  dark  grayish  brown  (10YR  4/2)  silt  loam,  very  dark  brown  (10YR  2/2)  moist; 
weak  medium  and  fine  prismatic  and  fine  subangular  blocky  structure  parting  to  moderate  fine 
granular;  slightly  hard,  friable;  many  roots;  nany  fine  pores;  neutral;  gradual  wavy  boundary.   (3 
to  12  inches  thick) 

B21t--4  to  11  inches;  grayish  brown  (10YR  5/2)  silty  clay  loam,  very  dark  grayish  brown  (10YR 
)/2)   moist;  moderate  medium  and  fine  prismatic  structure  parting  to  strong  medium  and  fine  angular 
blocky;  hard,  friable;  many  roots;  common  fine  pores;  thin  clay  films  on  faces  of  peds ;  neutral; 
clear  wavy  boundary. 

B22t--ll  to  18  inches;  grayish  brown  (2.5Y  5/2)  silty  clay  loam,  dark  grayish  brown  (2.5Y  4/2) 
moist;  moderate  medium  and  fine  prismatic  structure  parting  to  strong  medium  and  fine  subangular 
ilocky;  hard,  friable;  common  roots;  common  fine  pores;  thin  patchy  clay  films;  neutral;  gradual 
vavy  boundary.  (Combined  thickness  of  B2  horizons  8  to  22  inches) 

B3--18  to  25  inches;  light  yellowish  brown  12. 5Y  6/4)  silt  loam,  grayish  brown  (2.5Y  5/2) 
moist;  weak  coarse  prismatic  and  moderate  coarse  subangular  blocky  structure;  hard,  friable;  few 
roots;  common  fine  pores;  strong  effervescence;  mildly  alkaline;  clear  wavy  boundary.   (0  to  15 
inches  thick) 

Clca--25  to  34  inches;  light  yellowish  brown  (2.5Y  6/4)  loam,  light  olive  brown  (2.5Y  5/4) 
moist;  weak  coarse  prismatic  and  moderate  coarse  and  medium  subangular  blocky  structure;  friable; 
few  roots;  few  fine  pores;  violent  effervescence  with  common  coarse  masses  of  soft  lime;  moderately 
alkaline;  gradual  boundary.   (7  to  20  inches  thick) 

C2--34  to  60  inches;  light  brownish  gray  (2.5Y  6/2)  stratified  silt  loam,  loam  apd  silty  clay 
loam,  olive  brown  (2.5Y  4/4)  moist;  weak  coarse  to  fine  subangular  blocky  structure  parting  to  weak 
thin  platy;  friable;  few  roots;  few  fine  pores;  strong  effervescence;  moderately  alkaline. 

Type  Location:   Stark  County,  North  Dakota;  about  10  miles  east  of  Richardton;  1,490  feet 
north  and  17200  feet  west  of  SE  corner,  sec.  1,  T.  139  N.,  R.  91  W. 

Range  in  Characteristics:  The  solum  thickness  ranges  from  12  to  36  inches  and  depth  to  free 
lime  ranges  from  8  to  30  inches.  The  profile  is  more  than  40  inches  thick  to  a  paralithic  contact  or 
contrasting  substratum.  The  mollic  epipedon  ranges  from  8  to  16  inches  in  thickness. 

The  A  horizon  has  10YR  hue,  value  of  4  or  5  and  2  or  3  moist,  and  chroma  of  2  or  3.  It  is  loam, 
silt  loam  or  light  clay  loam. 

The  B2t  horizon  has  10YR  or  2.5Y  hue,  value  of  4  through  6  and  3  or  4  moist,  and  chroma  of  2  to 
4.  It  is  silty  clay  loam,  clay  loam  having  a  clay  content  which  averages  between  27  and  35  percent. 
Structure  ranges  from  moderate  to  strong  prismatic  which  parts  to  strong  or  moderate  angular  or 
subangular  blocks.  Peds  in  this  horizon  have  thin  continuous  ut   patchy  rl.iy  films. 

The  Cca  horizon  contains  both  diffuse  and  segregated  soft  masses  of  lime.  The  lower  {'.  horizon 
is  typically  loam,  silt  loam  or  silty  clay  loam  alluvium,  and  less  commonly  stratified  sill,  silty 
clay,  very  fine  sandy  loam  and  very  fine  sund. 
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FARLAND  SERIES--2 

Competing  Series:   These  are  the  Jekley,  Morton  and  Xavier  series  of  the  same  family  and  the  Agar, 
Arnegard,  Belfield,  Brussett,  Farnuf,  Grail,  Savage,  Sen,  Shambo,  Straw  and  Williams  series.   The  Jekley 
and  Morton  soils  have  bedrock  within  depths  of  40  inches.   Jekley  soils,  in  addition,  occur  ar  elevations 
above  7,700  feet.   Xavier  soils  have  thinner  sola.   Agar  soils  are  mesic.   Arnegard,  Sen,  Shambo  and 
Straw  soils  lack  argillic  horizons.   Arnegard  and  Straw  soils,  in  addition,  have  mollic  epipedons  more 
than  16  inches  thick.   The  Belfield  soils  have  thin  albic  horizons,  natric  horizons,  and  are  in  the  fine 
family.   Brussett  soils  have  lighter  colored  A  horizons  and  thinner  mollic  epipedons.   Farnuf  and  Shambo 
soils  are  fine-loamy.   Grain  soils  have  mollic  epipedons  more  than  16  inches  thick  and  are  in  the  fine 
family.   The  Savage  soils  are  in  the  fine  family.   Williams  soils  are  formed  in  glacial  till  and  are 
fine- loamy. 

Geographic  Setting:   Farland  soils  are  on  nearly  level  to  gently  sloping  terraces  and  footslopes  of 
stream  valleys.   Slope  gradients  commonly  average  between  1  and  6  percent,  but  range  from  0  to  9  percent. 
The  soils  formed  .in  stratified  alluvium  of  mixed  mineralogy  which  contains  little  fine  and  coarser  sand. 
The  climate  is  cool,  semiarid,  with  a  mean  annual  temperature  ranging  from  38  to  45  F,  and  a  mean  annual 
precipitation  from  12  to  16  inches.   Most  of  the  precipitation  comes  in  the  spring  and  summer. 

Geographically  Associated  Soils:   Belfield,  Manning,  Parshall,  Savage,  Shambo,  Stady  and  Straw  soils 
are  on  adjacent  terraces.   Manning  and  Stady  soils  have  gravelly  lie  horizons  at  less  than  40  inches. 
Straw  soils  are  on  low  terraces  subject  to  flooding.   Soils  on  adjacent  uplands  are  Morton,  Regent,  Sen 
and  Vebar. 

Drainage  and  Permeability:   Well  drained.   Runoff  is  slow  or  medium.   Permeability  is  moderate  or 
moderately  slow. 

Use  and  Vegetation:   Cultivated  areas  are  used  for  growing  small  grains,  flax,  corn,  hay  and  pasture. 
Some  areas  are  irrigated  for  production  of  alfalfa,  beans,  corn,  and  sugar  beets.   Native  vegetation  is 
mid  and  short  prairie  grasses  as  green  needlegrass,  western  wheatgrass  and  blue  grama. 

Distribution  and  Extent:   Western  North  Dakota,  eastern  Montana  and  northwestern  South  Dakota.   The 
series  is  of  moderate  extent. 

Series  Established:   McKenzie  County,  North  Dakota,  1932. 

Remarks:  The  series  was  classified  Chestnut  in  the  former  system. 

Additional  Data:   S58ND-45-13,  and  S58ND-45-20  on  pp.  88-91  of  Soil  Survey  Investigation  Report  No.  2. 
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FORT  COLLINS  SERIES 

The  Fort  Collins  series  consists  of  deep,  well  drained  soils  that  formed  mainly  in  alluvium.  Fort  Collins 
soils  are  on  terraces  and  alluvial  fans  and  have  slopes  of  0  to  10  percent.  The  mean  annual  precipitation 
is  about  14  inches  and  the  mean  annual  air  temperature  is  about  47°F. 

Taxonomic  Class:   Fine-loaray,  mixed,  mesic  Ustollic  Haplargids. 

Typical  Pedon:   Fort  Collins  loam,  grassland.   (Colors  are  for  dry  soil  unless  otherwise  noted.) 

Al — 0  to  5  inches;  light  brownish  gray  (10YR  6/2)  loam,  dark  grayish  brown  (10YR  4/2)  moist;  moderate 
fine  granular  structure;  soft,  very  friable;  noncalcareous;  neutral  (pH  7.2);  clear  smooth  boundary.   (3 
to  6  inches  thick) 

Bl  —  5  to  8  inches;  light  brownish  gray  ( 10YR  6/2)  loam,  dark  grayish  brown  (10YR  4/2)  moist;  moderate 
fine  subangular  blocky  structure  that  parts  to  fine  granular;  hard,  very  friable;  few  glossy  patches  on 
faces  of  peds;  noncalcareous;  neutral  (pH  7.2);  clear  smooth  boundary.   (3  to  4  inches  thick) 

B2t — 8  to  18  inches;  brown  (10YR  5/3)  heavy  loam,  dark  brown  (10YR  4/3)  moist;  moderate  medium 
prismatic  structure  that  parts  to  moderate  fine  subangular  blocky;  very  hard,  very  friable;  many  thin 
wax-like  patches  and  seams  on  faces  of  peds;  thin  wax-like  coatings  in  root  channels  and  pores; 
noncalcareous;  mildly  alkaline  ( pH  7.6);  gradual  smooth  boundary.   (5  to  12  inches  thick) 

B3ca — 18  to  24  inches;  pale  brown  (10YR  6/3)  loam,  brown  (10YR  5/3)  moist;  weak  medium  subangular 
blocky  structure;  hard,  very  friable;  few  thin  glossy  patches  on  faces  of  peds;  weak  glossy  coatings  in 
some  root  channels;  some  visible  secondary  calcium  carbonate  occurring  mostly  as  concretions;  calcareous;' 
moderately  alkaline  (pH  8.0);  gradual  smooth  boundary.   (4  to.  8  inches  thick) 

Cca — 24  to  60  inches;  pale  brown  (10YR  6/3)  loam,  brown  (10YR  5/3)  moist;  massive;  hard,  very 
friable;  visible  calcium  carbonate  occurring  as  concretions  and  in  thin  seams  and  streaks;  calcareous; 
moderately  alkaline  (pH  8.2);  gradual  smooth  boundary. 

Type  Location:   Larimer  County,  Colorado;  approximately  1  block  north  of  LaPorte  Avenue  on  North  Shields 
Street,  and  500  feet  west  of  North  Sheilds  Street  in  sec.  11,  T.7N.,  R.69W. 

Range  in  Characteristics:   Thickness  of  solum  ranges  from  15  to  30  inches.   Depth  to  calcareous  material 
ranges  from  about  8  to  20  inches.   Organic  carbon  in  the  upper  15  inches  ranges  from  .6  to  2  percent  with 
a  weighted  average  of  approximately  .8  percent.   The  average  sand/clay  ratio  ranges  from  1  to  3.   The  soil 
is  90  to  100  percent  base  saturated.   Rock  fragments  range  from  0  to  15  percent,  but  are  typically  less 
than  5  percent.   Mean  annual  soil  temperature  ranges  from  47°  to  58°F.,  and  mean  summer  soil  temperature 
ranges  from  59°  to  78°F. 

The  Al  horizon  has  hue  of  10YR  or  2.5Y,  value  of  5  through  7  dry,  3  through  5  moist,  and  chroma  of  2  or  3. 
When  the  value  of  the  surface  horizon  is  as  dark  as  5  dry  and  3  moist  the  horizon  must  be  thin  enough  so 
that  if  the  soil  is  mixed  to  7  inches  it  will  have  an  ochric  epipedon  or  it  must  contain  le-ss  than  1 
percent  organic  matter.   This  horizon  is  usually  granular  but  the  structure  may  be  weak  subangular  blocky. 
It  is  soft  or  slightly  hard  and  neutral  to  mildly  alkaline. 

The  B2t  horizon  has  hue  of  2 . 5Y  through  7.5YR,  value  of  5  through  7  dry,  4  or  5  moist,  and  chroma  of  2 
through  4.   It  is  typically  loam  or  light  clay  loam  but  clay  ranges  from  18  to  35  percent,  silt  from  20  to 
50  percent,  and  sand  from  20  to  50  percent  with  more  than  15  percent  but  less  than  35  percent  being  fine 
sand  or  coarser.   This  horizon  is  usually  prismatic  but  is  subangular  blocky  in  some  pedons.   It  is 
neutral  or  mildly  alkaline  ( pH  7.0  to  7.8). 

The  C  horizon  has  hue  of  2 . 5Y  or  10YR.   It  is  moderate  or  strongly  alkaline  (pH  8.0  to  8.6)  and  has  5  to 
14  percent  calcium  carbonate  equivalent. 

Competing  Series:   These  are  the  Balon,  Bowbac,  Clovis,  Cushman,  Fattig,  Gaddes,  Hagerman,  Harbord,  Los 
Alamos,  Maysdorf,  Millett,  Olney,  Penistaja,  Pokeman,  Potts,  Progresso,  Pugsley,  Scholle,  Spenlo, 
Stoneham,  Tapia  and  Toluca  series.   Balon  soils  are  noncalcareous  throughout,  and  lack  continuous  horizons 
of  secondary  carbonate  accumulation.   Clovis,  Millett,  Potts,  and  Scholle  soils  have  lithochromic  hue  of 
5YR  or  redder.   Cushman,  Pokeman  and  Pugsley  soils  have  a  paralithic  contact  at  some  point  above  depth  of 
40  inches.   Fattig,  Gaddes,  Hagerman,  and  Progresso  soils  have  a  lithic  contact  at  some  point  above  depth 
of  40  inches.   Los  Alamos  soils  have  pumice  and  ash  within  the  control  section  and  formed  over  thick 
pumice  deposits.   Stoneham  and  Toluca  soils  are  less  than  10  inches  deep  to  the  base  of  the  B2t  horizon  or 
are  less  than  15  inches  deep  to  the  base  of  any  B3ca  horizon.   Maysdorf,  Olney,  and  Penistaja  soils  have 
more  than  35  percent  fine  or  coarser  sand  in  the  B2t  and  C  horizons.   Tapia  soils  have  calcic  horizons. 
Harbord  soils  have  solum*  30  to  50  inches  thick,  and  have  polygenetic  solums  in  which  a  modern  soil  rests 
upon  and  merges  wih  a  paleosol. 
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Fort  Collins  Series 

Geographic  Setting:   The  Fort  Collins  soils  are  on  terraces  or  alluvial  fans.   Gradients  range  from  0  to 
10  percent.   The  soils  formed  in  alluvium,  which  may  in  places  have  been  modified  by  a  thin  mantle  of 
eolian  deposits.   At  the  type  location  the  average  annual  precipitation  is  14  inches,  with  peak  periods  of 
precipitation  occurring  in  the  spring  and  early  summer.   Average  annual  temperature  is  47°F.,  and  average 
summer  temperature  is  66°F. 

Geographically  Associated  Soils:   These  are  the  competing  Stoneham  and  Olney  soils. 

Drainage  and • Permeability:   Well-drained;  medium  runoff;  moderate  permeability. 

Use  and  Vegetation:   These  soils  are  used  as  native  pastureland  and  as  dry  and  irrigated  cropland. 
'Principal  crops  under  irrigation  are  small  grains,  alfalfa,  corn,  sorghums,  and  sugar  beets.   Dryland 
crops  are  limited  primarily  to  winter  wheat.   Native  vegetation  is  principally  blue  grama  grass, 
wheatgrass  and  some  buffalo  grass. 

Distribution  and'Extent:   Eastern  Colorado,  Montana  and  Wyoming.   The  series  is  of  moderately  large 
extent . 


Series  Established:   The  Greeley  Area,  Colorado,  1904. 
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GALATA  SERIES 


The  Galata  series  Is  a  member  of  the  very-fine,  montmorlllonltlc  family  of  Borolllc  Glossic  Natrarglds. 
Typically,  Galata  soils  have  light  gray,  platy,  light  sllty  clay  loam  A2  horizons;  light  brownish 
gray,  silty  clay  loam  B&A  horizons  with  many  clear,  unstained  silt  and  fine  sand  on  and  throughout 
peds  in  A2  and  B&A  horizons;  have  yellowish  brown  grading  to  brown  silty  clay  B2t  horizons  and 
light  brownish  gray  clay  C  horizons  with  segregated  lime  in  the  Clca  horizon.   Gypsum  and  other 
salts  occur  In  the  lower  part  of,  or  below  the  Cca  horizon. 

Typifying  Pedon:   Calata  silty  clay  loam  -  native  grass 

(Colors  are  for  dry  soil  unless  otherwise  noted.) 

A2      0-4"— Light  gray  (10YR  7/2)  light  silty  clay  loam,  dark  grayish  brown  (10YR  A/2)  moist; 
moderate  fine  platy  structure;  vesicular;  soft,  friable,  sticky,  plastic;  many  very 
fine  roots;  neutral  (pH  7.0);  clear  smooth  boundary.   (2  to  5  inches  thick) 

B&A     4-8"— Light  brownish  gray-.(10YR  6/2)  sllty  clay  loam,  dark  grayish  brown  (10YR  4/2)  moist; 

many  clear  silt  and  sand  grains;  moderate  medium  prismatic  and  strong  fine  platy  structure; 
hard,  friable,  sticky,  plastic;  continuous  clay  film  beneath  clear  silt  frosting;  common 
very  fine  roots;  mildly  alkaline  (pH  7.5);  clear  smooth  boundary.   (3  to  6  inches  thick) 

B21t    8-14"— Yellowish  brown  (10YR  5/4)  silty  clay,  dark  grayish  brown  (10YR  4/2)  moist;  moderate 

medium  prismatic  structure  that  separates  to  strong  blocky  structure;  extremely  hard, 

very  firm,  very  sticky,  very  plastic;  moderately  thick  continuous  clay  films  on  peds; 
common  very  fine  roots;  moderately  alkaline  (pH  8.0);  clear  smooth  boundary. 

B22t    14-21" — Brown  (10YR  5/3)  clay,  dark  brown  (10YR  4/3)  moist;  moderate  medium  prisms  that 

separate  to  strong  coarse  blocky  structure;  hard,  very  firm,  very  sticky,  very  plastic; 
thick  continuous  clay  film  on  peds;  black  staining  common  on  faces  of  peds;  few  very 
fine  roots;  moderately  alkaline  (pH  8.0);  clear  smooth  boundary.   (Bt  horizon  is  8 
to  12  inches  thick.) 

Clca    21-40"— Light  brownish  gray  (10YR  6/2)  clay,  dark  grayish  brown  (10YR  4/2)  moist;  strong 
coarse  blocky  structure;  extremely  hard,  firm,  sticky,  plastic;  few  very  fine  roots; 
strong  effervescence;  many  lime  splotches;  gradual  smooth  boundary.   (10  to  30  inches 
thick) 

C2      40-60" — Light  brownish  gray  (10YR  6/2)  clay,  daik  grayish  brown  (10YR  4/2)  moist;  moderate 

medium  and  coarse  blocky  structure;  extremely  hard,  firm,  sticky,  plastic;  strong  effervescence; 
common  lime  splotches. 

Type  Location:   Powder  River  County,  Montana;  Nl/4  of  NW1/4  of  sec.  15,  T.7S.,  R.47E. 

Range  In  Characteristics:   Calata  soils  have  mean  annual  soil  temperature  of  44°  to  47°F.  and 

are  dry  between  depths  of  4  and  12  inches  for  more  than  1/2  the  time  when  not  frozen.   The  A2 

horizon  has  value  of  6  or  7  dry.   The  Ap  horizon  has  value  greater  than  5  dry  and  greater  than 

3.5  moist  with  chroma  of  2  or  3.   A  very  thin  Al  horizon  may  be  present  in  some  pedons.   The  combined 

thickness  of  the  A2  and  the  B&A  horizons  is  6  to  9  inches.   Under  cultivation,  all  of  the  A2  horizon 

and  nearly  all  of  the  B&A  horizons  are  incorporated  into  the  Ap  horizon  giving  the  plowed  soil 

a  distinct  grayish  cast  with  many  clear  mineral  grains.   The  Ap  horizon  is  soft  and  granular. 

The  B2t  horizon  has  hue  of  10YR  or  2.5Y,  value  of  4  or  5  dry,  and  chroma  of  3  or  4.   It  has  an 

estimated  60  to  75  percent  clay  with  an  absolute  difference  over  the  Ap  horizon  of  25  to  35  percent 

clay  and  8  to  15  percent  more  clay  than  in  the  C  horizon.   The  estimated  sodium  saturation  ranges 

from  5  to  10  percent  in  the  upper  B  horizon  and  10  to  20  percent  in  the  lower  B  horizon  with  exchangeable 

Ca:Mg  ratio  of  1  or  less.   The  lower  part  of  the  B2t  horizon  is  weakly  calcareous  in  some  pedons. 

The  B3ca  horizon  has  few  to  common  nodules  of  lime  and  the  Cca  horizon  has  common  to  many  nodules 

of  lime  and  has  45  to  60  percent  clay.   The  B3ca  and  Cca  horizons  have  estimated  15  to  25  percent 

exchangeable  Na.   The  lower  part  of  the  pedon  is  stratified  with  coarser  textured  materials  in  some 

pedons. 

Competing  Series  and  their  Differentiae:   These  are  the  Allentine,  Arvada,  Gilt  Edge,  Hydro,  and 
Rapelje  series,   Allentine  and  Gilt  Edge  soils  have  columnar  B2t  horizons  and  the  Allentine  soils 
have  the  upper  boundary  of  the  B2t  horizon  at  depths  of  less  than  5  Inches  below  the  surface. 
Arvada  soils  have  strongly  alkaline,  columnar,  fine  textured  B2t  horizons  with  more  than  15  percent 
exchangeable  Na  in  the  major  part  and  with  Its  upper  boundary  within  five  inches  below  the  surface 
and  have  a  mean  annual  temperature  warmer  than  47°F.   Hydro  soils  have  silty  clay  B2t  horizons 
and  have  soil  temperature  warmer  than  47°F.   Rapelje  soils  have  silt  loam  or  silty  clay  loam  B2t 
horizons . 
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Calata  Series 

Setting;  Galata  soils  are  on  plains  of  the  uplands  and  on  terraces  in  valleys.  The  parent  materials 
are  of  deep  calcareous  clays  in  which  the  clay  type  is  dominantly  raontmorillonitic.   The  climate 
is  cool  semiarid  with  mean  annual  temperature  of  40*  to  45°K.  ,  mean  summer  temperature  more  than 
66°F.  and  mean  winter  temperature  of  18°  to  26°F.   Mean  annual  precipitation  is  11  to  14  inches. 

Principal  Associated  Soils:   These  are  the  competing  Gilt  Edge  soils  and  the  Landusky,  Marias, 
and  Phillips  soils.   Landusky  soils  have  a  molllc  epipedon  and  lack  a  natric  horizon.   Marias 
soils  lack  diagnostic  subsurface  horizons.   Phillips  soils  have  less  clay  and  lack  natric  horizons. 
Galata  soil's  occur  in  small  and  large  areas  in  complex  association  with  these  soils. 

Drainage  and  Permeability:  Well-drained;  slow  permeability. 

Use  and  Vegetation:  Used  mainly  for  nonirrigated  production  of  small  grains.  Native  vegetation 
is  western  wheatgrass,  Sandberg  bluegrass,  prairie  junegrass,  needle-and-thread,  blue  grama,  and 
scattered  Gardner  saltbush. 

Distribution  and  Extent:   Northern  and  eastern  plains  of  Montana.   Calata  series  Is  moderately 
extensive . 

Series  Established:   Powder  River  County  Montana,  1972. 

Remarks :   The  Galata  soils  were  formerly  classified  as  solodized-Solonet z  soils. 

National  Cooperative  Soil  Survey 
U.  S.  A. 


Table  46 


Established  Series 
Rev.  AJC/JEB 
7/78 


HAVFRSON  SERIES 


The  Haverson  series  consists  of  deep,  well  drained  soils  that  formed  1n  alluvium  from  mixed  sources. 
Haverson  soils  are  on  floodplalns  and  low  terraces  and  have  slopes  of  0  to  6  percent.  The  mean  annual 
precipitation  Is  about  16  Inches  and  the  mean  annual  temperature  Is  about  52  F. 

Taxonomlc  Class:  F1ne-1oamy,  mixed  (calcareous),  meslc  Ustlc  Torrlfluvents. 

Typical  Pedon:  Haverson  loam  -  grassland.  (Colors  are  for  dry  soil  unless  otherwise  noted.) 

A1--0  to  6  inches;  light  brownish  gray  (10YR  6/2)  loam,  dark  grayish  brown  (10YR  4/2)  moist;  moderate 
vtry   fine  granular  structure;  soft,  very  friable;  calcareous;  moderately  alkaline  (pH  8.2);  clear  smooth 
boundary.  (4  to  8  Inches  thick) 

C--6  to  60  Inches;  light  brownish  gray  (10YR  6/2)  loam  stratified  with  thin  lenses  of  clay  loam 
and  fine  sandy  loam,  dark  grayish  brown  (10YR  4/2)  moist;  weighted  average  texture  approximately  a  loam; 
massive;  slightly  hard,  very  friable;  a  very  small  amount  of  secondary  calcium  carbonate  as  soft  con- 
cretions; calcareous;  moderately  alkaline  (pH  8.2). 
i  . 

Type  Location:  Prowers  County,  Colorado;  approximately  .8  mile  south  and  .1  mile  east  of  NW  corner 
sec.  29,  T.  22  S.  R.  45  W. 

Range  1n  Characteristics:  Organic  carbon  ranges  from  .6  to  1.5  percent  1n  the  surface  horizon  but  de- 
creases Irregularly  with  depth.  The  control  section  1s  stratified  with  strata  ranging  from  sandy  loam  to 
clay  loam,  but  averaging  approximately  loam.  On  a  weighted  average  basis  clay  ranges  from  18  to  35 
percent,  silt  from  10  to  50  percent,  and  sandy  from  20  to  60  percent  with  more  than  15  percent  but  less 
than  35  percent  being  fine  or  coarser  sand.  Rock  fragments  are  generally  less  than  5  percent  and  range 
.from  0  to  15  percent.  Some  visible  calcium  carbonate  may  occur  at  any  depth  In  these  soils,  but  It  Is 
not  concentrated  Into  any  consistent  horizon  of  accumulation.  Mean  annual  soil  temperature  ranges  from 
47  to  58  F.  and  mean  summer  soil  temperature  ranges  from  59  to  78  F. 

The  A  horizon  has  hue  of  2.5Y  or  10YR,  value  of  5  or  6  dry,  3  through  5  moist  and  chroma  of  2  or  3. 
When  the  value  of  the  surface  horizon  Is  as  dark  as  5  dry  and  3  moist,  the  horizon  Is  thin  enough  so  that 
If  mixed  to  7  Inches  It  1s  too  light  colored  or  contains  too  little  organic  carbon  to  qualify  as  a  molllc 
eplpedon.  The  A  horizon  usually  has  granular  primary  structure  but  1t  has  subangular  blocky  structure  1n 
some  pedons.  It  Is  soft  or  slightly  hard.  It  1s  neutral  through  or  moderately  alkaline. 

The  C  horizon  has  hue  of  2.5Y  through  7.5YR.  It  1s  mildly  alkaline  to  strongly  alkaline.  It  has  from 
less  than  1  to  about  3  percent  calcium  carbonate  equivalent  which  differs  erratically  from  stratum  to 
stratum. 

Competing  Series:  These  are  the  Barnum,  Havre,  Hysham  and  San  Mateo  series.  Barnum  soils  have  Htho- 
chromlc  hue  of  5YR  or  redder  and  Havre  soils  have  frigid  soil  temperature.  Hysham  soils  are  very  strongly 
alkaline  and  have  a  very  hard  or  extremely  hard  B2  horizon.  San  Mateo  soils  have  chroma  of  3  or  4  1n  the 
control  section. 

Geographfc  Setting:  The  Haverson  soils  are  on  floodplalns  and  low  terraces  of  major  rivers.  Slope  Is 
0  to  6  percent.  The  soils  formed  1n  highly  stratified,  calcareous,  recent  alluvium  derived  from  mixed 
sources.  At  the  type  location  the  average  annual  precipitation  Is  16  Inches  with  peak  periods  of  precipi- 
tation occurring  during  the  early  spring  and  summer.  The  average  annual  temperature  Is  52°  F.  'and  the 
average  summer  temperature  Is  77°  F.  The  frost-free  season  1s  125  to  180  days. 

Geographically  Associated  Soils:  These  are  the  Bankard  and  Glenberg  soils.  Bankard  and  Glenberg  soils 
have  less  than  18  percent  clay  1n  the  series  control  section. 

Oralnage  and  Permeability:  Well  drained;  slow  runoff;  moderate  permeability. 

Use  and  Vegetation:  These  soils  are  used  as  native  pastureland,  dry  farm  land  or  Irrigated  cropland. 
Native  vegetation  Is  mixed  grasses,  cottonwoods  and  brush. 

Distribution  and  Extent:  Eastern  Colorado  and  Wyoming,  northeastern  New  Mexico  and  adjacent  states.  The 
soil  Is  of  large  extent. 

Series  Established:  Red  Willow  County,  Nebraska,  1965. 

Remarks:  Differentiation  from  San  Mateo  series  needs  further  study. 
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HELDT  SERIES 


The  Heldt  series  i9  a  member  of  the  fine,  montmorlllonitlc,  mesic  family  of  Ustertic  Carabor- 
thids.   Typically,  Heldt  soils  have  friable  granular  calcareous  A  horizons,  B2  horizons  having 
moderate  prismatic  and  angular  blocky  structure,  and  fine  textured  calcareous  C  horizons  that 
have  consistent  accumulation  of  secondary  calcium  carbonate. 

Typifying  Pedon:   Heldt  sllty  clay  loam  -  grassland 

(Colors  are  for  dry  soil  unless  otherwise  noted.) 

Al     0-6"--Light  brownish  gray  (2.5Y  6/2)  heavy  silty  clay  loam,  grayish  brown  (2.5Y  5/2) 
moist;  strong  very  fine  granular  structure;  soft,  very  friable;  plastic,  sticky, 
calcareous;  moderately  alkaline  (pH  8.2);  clear  smooth  boundary.   (5  to  10  inches 
thick) 

B2     Light  brownish  gray  (2.5Y  6/2)  silty  clay,  grayish  brown  (*.5Y  5/2)  moist;  moderate 

coarse  prismatic  structure:  that  parts  to  moderate  coarse  angular  blocks;  extremely 
hard,  friable,  very  sticky,  very  plastic;  few  glossy  patches  on  faces  of  peds  and 
in  root  channels;  common  shiny  si ickensides;  calcareous;  strongly  alkaline  (pH  8.5); 
gradual  wavy  boundary.   (15  to  40  inches  thick) 

.Clca   40-60"--Light  gray  (2.5Y  7/2)  silty  clay,  grayish  brown  (2.5Y  5/2)  moist;  few  fine  faint 
reddish  brown  (5YR  5/4)  mottles;  massive;  extremely  hard,  firm,  very  sticky,  very 
plastic;  some  visible  calcium  carbonate  occurring  as  concretions  and  in  thin  seams 
and  streaks;  few  calcium  sulfate  crystals;  calcareous;  moderately  alkaline  (pH  8.3); 
gradual  smooth  boundary.   (6  to  12  inches  thick) 

Type  Location:   Goshen  County,  Wyoming;  517  feet  east  and  187  feet  north  of  the  east  abutment 
of  the  bridge  over  Cherry  Creek  on  the  road  to  Veteran, in  the  SW1/4  SE1/4  SW1/4  sec.  25,  T.24N. , 
R.62W. 

Range  in  Characteristics:   Average  organic  content  of  the  Al  horizon  is  .6  to  2  percent,  and 
decreases  uniformly  with  depth  to  less  than  .2  percent  at  depth  of  50  inches.   Sand/clay  ratio 
is  1  or  less.   Conductivity  typically  ranges  from  less  than  1  to  about  2  millimhoa  in  the 
control  section.   Cation  exchange  capacity  is  70  to  100  milliequivalents  per  100  grams  of 
clay.   The  soils  are  usually  calcareous  throughout  but  depth  to  calcareous  material  ranges 
from  0  to  15  inches.   Exchangeable  sodium  percentage  usually  ranges  from  less  than  1  to  5  percent 
in  the  "upper  part  of  the  control  section  but  may  increase  with  depth.   The  10-  to  40-inch 
section  is  usually  clay  or  silty  clay  but  ranges  in  clay  from  35  to  50  percent,  in  silt  from  10 
to  50  percent,  and  in  sand  from  10  to  45  percent.   Content  of  coarse  fragments. is  typically  less 
than  5  percent  but  ranges  from  0  to  15  percent.   The  solum  is  20  to  50  inches  thick.   C.O.L.E. 
values  are  .04  to  .095  and  usually  exceed  .05  in  some  horizon  as  thick  as  20  inches;  and  total 
extensibility  of  the  soil  above  40  inches  is  greater  than  2.4  inches.   Cracks  more  than  .4 
inch  wide,  and  12  inches  long  occur  in  the  upper  20  inches  when  the  soils  is  dry  and  the  cracks 
remain  open  for  90  to  270  (cumulative)  days  in  most  years.   Mean  annual  soil  temperature  is 
47   to  58  F. ,  and  mean  summer  soil  temperature  is  59   to  78  F.   The  soil  temperature  at  depth 
of  20  inches  is  41   F.  or  higher  for  about  230  to  305  days.   The  soil  is  moist  in  some  part  of 
the  control  section  for  56  to  152  days  while  the  soil  temperature  is  above  41°  F.   The  Al 
horizon  has  hue  of  5Y  through  7.5YR,  value  of  5  through  7  dry  and  3  through  6  moist,  and  chroma 
of  1  through  4.   Surface  horizons  having  value  as  dark  as  5  dry  and  3  moist  should  be  too  thin 
or  contain  too  little  organic  matter  to  be  mollic  epipedons.   The  horizon  is  usually  granular 
but  is  subangular  blocky  in  some  pedons.   It  is  soft  to  slightly  hard.   It  is  moderately  to 
strongly  alkaline  (pH  8.0  to  8.6).   The  B2  horizon  has  hue  of  5Y  through  7.5YR,  value  of  5 
through  7  dry  and  4  through  6  moist,  and  chroma  of  2  through  5.   It  is  usually  prismatic  but 
is  angular  blocky  in  some  pedons.   It  is  moderately  to  strongly  alkaline  (pH  8.0  to  8.5).   The 
C  horizon  has  hue  of  5Y  through  7.5YR.   It  is  moderately  to  strongly  alkaline  (pH  8.0  to  8.5) 
and  has  3  to  10  percent  calcium  carbonate  equivalent 

Competing  Series  and  their  Differentiae:   These  are  the  Diaz  and  Dominguez  series.   Diaz  soils 
have  bedrock  above  40  inches.   Dominguez  soils  have  hue  of  5YR  or  redder. 


Table  47 
Sheet  2  of  2 


Heldt  Seriea 

Setting;   The  Heldt  soils  are  on  gently  sloping  alluvial  fans  or  valley  side  slopes.   Gradients 
range  from  1  to  6  percent.   The  soils  formed  in  fine  textured  alluvial  fan  sediments  derived 
primarily  from  sedimentary  rock.   At  the  type  location  the  average  annual  precipitation  is  15 
inches  with  peak  periods  of  precipitation  occurring  in  the  spring  and  early  summer  months. 
Average  annual  temperature  is  48  F. ,  and  average  summer  temperature  is  69°  F. 

Principal  Associated  Soils;   These  are  the  Orella  and  Samsil  soils.   Orella  and  Samsil  soils 
have  bedrock  at  depths  of  less  than  20  inches. 

Drainage  and  Permeability;   Well  to  moderately  well  drained;  slow  or  very  slow  runoff;  slow  to 
permeability. 

Use  and  Vegetation;   These  soils  are  used  principally  as  native  pastureland,  although  they  may 
be  tilled  to  both  dryland  and  irrigated  crops  in  some  localities.   Native  vegetation  is 
primarily  western  wheat,  blue  grama,  cactus,  and  some  poverty  grass. 

Distribution  and  Extent;   Eastern  Colorado,  Montana,  and  Wyoming.   The  series  is  of  moderate 
extent. 

Series  Established;   Big  Horn  County  (Big  Horn  Area),  Montana,  1970. 
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Established  Series 
Rev.  RLM-CAM 
4-68 
HF.SPER  SERIES 

The  Hesper  series  is  a  member  of  the  fine,  montmorilloni tic,  mesic  family  of  Ustollic  Haplargids.   Typically, 
these  soils  have  grayish  brown  silt  loam  Al  horizons;  less  than  5  inches  thick,  brown  heavy  silty  clay  loam 
B2t  horizons  that  have  strong  fine  prismatic  and  blocky  structure,  and  C  horizons  cf  olive  silt  loam  that  has 
distinct  accumulation  of  call ium  carbonate. 

Typifying  Tedon:   llesper  silty  clay  loam  -  native  grass 

(Colors  are  for  dry  soil  unless  otherwise  noted.) 

Al  —   0-2"  —  Grayish  brown  (10YR  5/2)  silt  loam,  very  dark  grayish  brown  (10YR  3/2)  moist;  weak  thin  platy 
structure  parting  to  weak  very  fine  crumb  structure;  soft,  very  friable,  slightly  sticky;  common 
bleached  silt  and  very  fine  sand-size  particles;  moderately  acid  (pll  5.8);  abrupt  boundary.   (2  to 
5  inches  thick.) 

B2t  —    2-11"  —  Brown  (10YR  4/3)  to  (10YR  5/3)  crushed  heavy  silty  clay  loam,  dark  brown  (10YR  3/3)  moist, 
brown  (10YR  4/3)  crushed  moist;  strong  fine  and  medium  prismatic  structure  separating  easily  to 
strong  fine  and  very  fine  subangular  blocky  structure;  very  hard,  friable,  sticky,  plastic; 
moderately  thick  continuous  clay  films  coating  and  bridging  mineral  grains  and  partly  filling  many 
pores;  neutral  (pH  7.0);  clear  boundary.   (8  to  12  inches  thick.) 

B3  —   11-16"  —  Dark  grayish  brown  (10YR  4/2),  light  olive  brown  (2.5Y  5/3)  crushed,  silty  clay  loam,  very 

dark  grayish  brown  (10YR  3/2)  moist,  olive  brown  (2.5Y  4/3)  crushed  moist,  strong  medium  prismatic 
structure  separating  to  strong  fine  subangular  blocky  structure;  hard,  friable,  sticky,  plastic; 
moderately  thick  and  continuous  clay  films  coating  and  bridging  mineral  grains;  mildly  alkaline 
(pH  7.7);  gradual  wavy  boundary.   (2  to  5  inches  thick.) 

Clca —   16-20"  —  Light  olive  brown  (2.5Y  5/3)  light  silty  clay  loam,  olive  brown  (2.5Y  4/3)  moist;  moderate 

medium  and  fine  blocky  structure;  hard,  friable,  sticky,  slightly  plastic;  moderate  effervescence; 
common  while  nodules  of  lime;  moderately  alkaline  (pH  8.3);  gradual  boundary. 

C2ca —   20-44"  —  Pale  olive  (5Y  6/3)  heavy  silt  loam,  olive  gray  (5Y  4/2)  moist;  blocky  structure;  hard,  very 

friable,  slightly  sticky,  slightly  plastic;  moderate  effervescence;  many  soft  white  nodules  of  lime; 
moderately  alkaline  (pH  8.3);  gradual  boundary. 

C3  —   44-60"  —  Olive  (5Y  5/3)  very  fine  sandy  loam,  olive  (5Y  4/3)  moist;  blocky  structure;  soft,  very 

friable,  slightly  sticky;  moderate  effervescence,  few  seams  of  lime;  moderately  alkaline  (pH  8.3). 

Type  Location:   Yellowstone  County,  Montana;  just  east  of  road  near  fence  corner  in  northwestern  part  of 
SE>tNw!t  sec.  33,  T.  2  N.  ,  R.  29  E. 

Range  in  Characteristics:  Hesper  soils  are  usually  dry  between  depths  of  4  and  12  inches  when  soil  temperature 
is  warmer  than  41UF. ,  but  they  are  not  dry  in  all  parts  above  12  inches  for  more  than  half  the  time  during  this 
period.   Mean  annual  soil  temperature  ranges  from  4  7   to  50  F. 

Thickness  of  solum  ranges  from  10  to  20  inches.   Most  pedons  have  Ap  horizons  5  to 
8  inches  thick  of  silty  clay  loam.   The  color  hue  ranges  from  2.5Y  through  7.5YR  throughout  the  soil.   The  Al 
horizon  has  value  of  more  than  5  dry  and  more  than  3  moist  and  chroma  of  2  or  3.   These  values  are  one-half  to 
one  unit  more  than  those  of  coatings  in  the  upper  part  of  the  B2  horizon.   Clear  uncoated  silt  and  fine  sand 
grains  are  abundant  in  the  A  horizon.   The  B  horizon  has  chroma  of  2  through  4.   The  finest  texture  is  in  the 
upper  3  to  5  inches  of  the  B2t  horizon,  starting  at  depths  of  2  to  5  inches  below  the  surface.   These  layers 
contain  between  35  and  50  percent  clay.   In  plowed  soils  they  are  mixed  in  the  Ap  horizon.   The  B2t  horizon 
remaining  beneath  the  Ap  horizon  ranger  from  35  to  45  percent  clay  and  contains  2  to  8  percent  more  clay  than 
the  Ap  horizon.   Distinct  clay  films  aie  on  faces  of  peds  in  the  B2  horizon,  and  many  pores  are  partially  filled 
with  clay.   The  Cca  horizon  contains  1> ss  than  15  percent  CaCO-  equivalent  but  has  accumulations  of  secondary 
lime.   The  C  horizon  is  silt  loam  that  contains  less  than  15  percent  fine  and  coarser  sand.   Some  pedons  have 
IIC  horizons  of  contrasting  texture  below  depths  of  40  inches. 

Competing  Series  and  their  Differentiae:   Similar  and  related  soils  are  in  the  Baca,  Bew,  Big  Horn,  Fort 
Collins,  Hiuman,  Renohill,  Thurlow,  and  Dim  series.   The  Baca  soils  have  A  and  Bl  horizons  5  to  10  inches 
thick  above  the  B2t  horizon  and  a  more  gradual  increase  in  amount  of  clay  from  the  A  to  the  B  horizon.   The 
Bew  soils  have  50  to  60  percent  clay  in  their  argillic  horizon.   The  Big  Horn  soils  have  more  than  10  percent 
more  clay  In  the  upper  part  of  the  B2t  horizon  than  in  the  Ap  horizon.   The  Fort  Collins  soils  have  less  than 
35  percent  clay  and  more  than  15  percent  fine  and  coarser  sand  in  the  B2t  horizon.   The  Hinman  soils  have 
calcareous  sola.   The  Renohill  soils  have  soft  rock  at  depths  between  20  and  40  inches.   The  Thurlow  and  Ulm 
soils  have  more  than  15  percent  fine  and  coarser  sand  in  their  argillic  horizons  and  C  horizons;  and  the  Ulm 
soils,  in  addition,  have  5  to  10  inches  of  A  and  Bl  horizon  above  the  B2r  horizon. 
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Hatper  Series 

Setting:  Hespar  aoila  are  on  upland  plains  and  on  terraces.  They  formed  in  uniform  calcareous  ailt 
loam.  Tha  climate  ia  cool  aemiarid.  Mean  annual  temperature  rangaa  from  U50  to  Ufi°  F.,  maan  aumaar 
temperature  from  6U°  to  67°  F.,  and  maan  winter  temperature  from  0  to  28°  F.  Mean  annual  precipitation 
rangaa  from  10  to  lU  Inches  and  about  8  inches  falls  from  April  through  August. 

Principal  Associated  Soils:  These  are  the  competing  Fort  Collins  and  Thurlov  soils,  and  the  Kaiser  and 
Wanetta  soils.  Kaiser  soils  hav«  sola  less  than  10  inches  thick.  The  Wanetta  soils  hare  IIC  horizons 
of  loose  sand  and  gravel  at  depths  of  20  to  U0  inches. 

Drainage  and  Permeability:  Well  drained.  The  B  horiton  ia  moderately  permeable. 

Use  and  Vegetation:  Used  primarily  for  cropland,  both  irrigated  and  nonirrlgated.  A  few  areas  are  still 
in  native  vegetation  of  western  wheatgrass,  needle- and- thread,  blue  grama,  prairie  Junegraas,  and  big 
sagebrush. 

Distribution  and  Extent:  Southeastern  Montana.  The  soil  is  extensive. 

Series  Established:  Treasure  County,  Montana,  1963. 

Remarks:  Heaper  aarias  was  formerly  classified  in  the  Brown  great  soil  group. 
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Established  Series 

Rev.  TJH 
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HOPLEY  SERIES 

The  Hopley  series  is  a  member  of  the  coarse-loamy,  mixed  family  of  Typic  Haploborolls .   Typically, 
Hopley  soils  have  loam  profiles  with  granular,  dark  gravish  brown  Ap  horizons,  grayish  brown  BJ 
and  B3  horizons,  and  light  brownish  gray  Cca  horizons  over  I1C  horizons  of  soft  calcareous  sandstone 
at  a  depth  of  42  inches. 

Typifying  Pedon:   Hopley  loam  -  cultivated 

(Colors  are  of  dry  soil  unless  otherwise  stated.) 

Ap      0-7" — Dark  grayish  brown  (10YR  A/2)  loam,  very  dark  grayish  brown  (10YR  3/2)  moist;  moderate 
iiii'dium  granular  structurt •;  slightly  hard,  friable,  nonsticky,  nonplastic;  neutral; 
cJear  smooth  boundary.   (Al  horizon  is  5  to  7  inches  thick.) 

B2      7-10" — Grayish  brown  (10YR  5/2)  heavy  loam,  very  dark  grayish  brown  ( LOYR  3/2)  moist; 

moderate  medium  prismatic  structure;  hard,  friable,  slightly  sticky,  slightly  plastic; 
patches  of  thin  clay  film  on  faces  of  peds;  neutral;  clear  boundary.   (3  to  5  inches 
thick) 

B3      10-14" — Grayish  brown  (10YK  '>/2)  loam,  dark  grayish  brown  (10YR  4/2)  moist;  weak  coarse 

prismatic  structure;  hard,  friable,  nonsticky,  slightly  plastic;  slightly  ef 1 crvescent ; 
moderately  alkaline  (pH  8.2);  gradual  boundary.   (4  to  6  Inches  thick) 

Cca     14-42"--Light  brownish  gray  (2.5Y  6/2)  light  loam,  grayish  brown  (2.5Y  5/2)  moist;  massive; 
slightly  hard,  friable,  nonsticky,  slightly  plastic;  strongly  effervescent,  common 
filaments  of  lime;  moderately  alkaline  (pH  8.2);  clear  boundary.   (28  to  42  inches 
thick) 

IIC2    42-54" — Soft,  calcareous  sandstone. 

Type  Location:   Yellowstone  County,  Montana;  100  feet  south  and  20  feet  east  of  MW  corner  of  sec. 
2,  T.2S. ,  R.24E. 

Range  in  Characteristics:   Volume  of  rock  fragments  in  the  10  to  40  inch  section  rang.  <.  !  rnm  0 

to  20  percent.   The  mollic  epipedon  is  7  to  10  inches  thick.   The  nonca I careous  part  >l  the  sol 

is  L2  to  18  in  hos  thick.   Hue  is  10YR  or  2 . 5Y  throughout  the  soil.   The  Al  horizon  is  loam  or 
fine  sandy  loam  wiili  value  ot  3  or  4  drv,  2  or  3  moist,  and  elm  ma  of  2  or  (.   The  B2  ,  I)  J ,  and 
Cca  horizons  are  loam  containing  10  to  18  percent  clay  and  15  to  Jj  percent  c  >arser  tli.iii  very 
fine  sand.   L1C  horizons  of  soft  sandstone,  silty  shale  or  gravelly  sand  occur  below  depths  of 
40  inches  in  some  pedons. 

Competing  Series  and  Llieir  Differentiae:   These  are  the  liitterroot,  I'angui  trh,  Relan,  i.illey, 
Vebar,  and  Victor  series.   liitterroot  and  Vebar  soils  have  soft  bedrock  al  depths  of  20  to  40 
inches.   Tally  soils  have  more  than  3'i  percent  coarser  than  very  fine  sand  in  their  control  sections. 
Pangui tch  soils  are  noncalcareous  to  depths  of  more  than  18  inches  and  formed  in  alluvium  of  volcanic 
origin.   Relan  soils  have  hue  of  7.5YK  or  redder.   Victor  soils  have  gravelly  sand  layers  at  depths 
of  20  to  30  inches. 

Set  t  ing:   Hopley  soils  are  on  nearly  level  to  steep  uplands  and  old  terraces  at  elevat  ions  ol 
2,500  to  4,000  feet.   The  soils  formed  in  calcareous  loamy  alluvium.   Average  annual  pic.  ipitation 
is  12  to  16  inches.   Mean  annual  temperature  is  38°  to  45"K.   Mean  January  tempera tin c  is  8°  to 
25°K.   Mean  July  temperature  is  60°  to  70°F.   The  frost-free  period  is  10i>  to  1  )5  days. 

Principal  Associated  Soils:   These  .ire  the  Castner,  Lambert,  and  Karl  ami  soils.   Castnei  soils 
have  bedrock  at  depths  of  10  to  20  inches.   Lambert  and  Karland  soils  have  finc-silty  control 
sections . 

Drainage  and  Permeability:   Well-drained;  slow  to  medium  runoff:  moderate  permeability. 

Use  and  Vegetal  ion:   Hopley  soils  are  used  for  dry  farmed  cropland  and  for  rangeland.   Wheat, 
barley,  and  oats  are  the  main  crops.   Native  vegetation  is  western  wheat grass,  needie-and-thread , 
blue  grama,  prairie  junegrass,  and  threadleaf  sedge. 

Distribution  and  Extent:   Eastern  and   cntral  Montana.   The  series  is  moderately  extensive. 

Series  Established:   Yellowstone  Countv,  Montana,  IS»72. 

Remark^:   Hopley  soils  were  formerly  classified  as  Chestnut  soils. 
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RELAN  SERIES 

The  Relan  Series  is  a  member  of  the  coarse-loamy,  mixed,  family  of  Typic  Haploborolls .   Typically, 
Relan  soils  have  brown  grading  to  dark  brown  gravelly  loam  Al  horizons  and  pinkish  gray,  calcareous, 
gravelly  loam  C  horizons  with  segregations  of  lime  in  the  upper  part. 

Typifying  Pedon:   Relan  gravelly  loam  -  native  grass  cover 

(Colors  are  for  dry  soil  unless  otherwise  noted.) 

All     0-8"~Brown  (7.5YR  5/2)  gravelly  loam,  dark  brown  (7.5YR  3/2)  moist;  weak  fine  blocks 

that  separate  to  weak  fine  crumb  structure;  soft,  friable,  nonsticky,  nonplastic;  many 
very  fine  roots  and  fine  interstitial  pores;  common  fine  "scoria"  fragments  that  give 
dark  reddish  brown  color  to  rubbed  moist  soils;  neutral  (pH  7.4);  gradual  boundary. 

A12     8-13" — Dark  brown  (7.5YR  4/2)  gravelly  loam,  dark  brown  (7. SYR  3/3)  moist;  weak  fine  crumb 

structure;  soft,  friable,  nonsticky,  nonplastic;  many  very  fine  roots  and  fine  interstitial 
pores;  common  fine  "scoria"  fragments  that  give  dark  reddish  brown  color  to  rubbed 
moist  soil;  noncalcareous ;  mildly  alkaline  (pH  7.6);  clear  wavy  boundary.   (Al  horizon 
is  8  to  18  inches  thick) 

Clca    13-26" — Pinkish  gray  (7.5YR  6/4)  gravelly  light  loam,  brown  (7. SYR  5/4)  moist;  massive; 

slightly  hard,  friable,  nonsticky,  nonplastic;  common  very  fine  roots  and  fine  tubular 
pores;  common  fine  "scoria"  fragments;  strongly  calcareous  with  fine  segregations  of 
lime;  moderately  alkaline  (pH  8.4);  gradual  boundary.   (10  to  20  inches  thick) 

C2      26-30"— Pinkish  gray  (7. SYR  6/4)  gravelly  fine  sandy  loam,  dark  brown  (7.5YR  4/4)  moist; 
massive;  soft,  very  friable,  nonsticky,  nonplastic;  common  very  fine  roots  and  fine 
tubular  pores;  numerous  fine  "scoria"  fragments;  strongly  calcareous;  strdngly  alkaline 
(pH  8.6);  gradual  boundary. 

C3      30-62" — Pinkish  gray  (7.5YR  6/4)  gravelly  light  loam  that  consists  of  stratified  sand, 

silt,  loam  and  small  gravel  in  place;  dark  brown  (7. SYR  4/4)  moist;  soft,  very  friable, 
nonsticky,  nonplastic;  few  very  fine  roots  and  common  fine  tubular  pores;  strongly 
calcareous;  strongly  alkaline  (pH  8.6). 

Type  Location:   Powder  River  County,  Montana;  1,200  feet  north  and  800  feet  west  of  SE  corner 
sec.  12,  T.4S. ,  R.50E. 

Range  in  Characteristics:   Mean  annual  soil  temperature  is  44°  to  47°  F.  and  the  average  summer 
temperature  is  60°  to  64°  F.   Texture  below  the  Al  or  Ap  horizon  averages  loam  or  sandy  loam  with 
7  to  18  percent  clay,  more  than  15  percent  fine  and  coarser  sand  and  15  to  30  percent  fine  gravel 
of  porcelanite  fragments.   The  hue  is  7.5YR  and  redder  with  chroma  of  2  through  4.   The  Ap  and 
Al  horizons  have  value  of  4  or  5  dry.   The  Cca  horizon  is  weak  with  few  to  many  segregations  of 
thread  and  film  lime  and  a  CaC03  content  of  8  to  12  percent.   Loose  porcelanite  beds  occur  at 
depths  greater  than  40  inches. 

Competing  Series  and  their  Differentiae:   These  are  the  Bass,  Bitterroot,  Groveland,  Hopley,  Kalispell, 

Manning,  Panguitch,  Tally,  Twin  Creek,  Vebar,  and  Victor  series.   Bass,  Groveland  and  Kalispell 

soils  have  udic  summer  moisture  regime  and  have  moist  value  of  2  in  the  Al  horizons.   Bass,  Manning 

and  Victor  soils  have  very  gravelly  sandy  substrata  below  depth  of  about  30  inches.   Also,  Bass 

soils  have  considerable  mica  from  included  granitic  rock  fragments.   Bitterroot  and  Vebar  soils 

have  paralithic  contacts  with  sandstone  at  depths  of  20  to  40  inches.   Hopley  soils  have  hue  yellower 

than  7.5YR.   Panguitch  soils  have  cambic  horizons  and  are  deeper  than  18  inches  to  the  Cca  horizons. 

Tally  and  Vebar  soils  have  fine  sandy  loam  pedons  .   Twin  Creek  soils  have  18  to  27  percent  clay 

in  the  10-  to  40-inch  section. 

Setting :   The  Relan  soils  are  on  terraces  and  alluvial  fans  and  on  floors  of  swales  in  the  uplands. 
The  parent  material  is  of  mixed  mineral  origin,  consisting  of  local  transported  materials  from 
red  porcelanite  beds  and  soils  developed  over  these  beds.   The  climate  is  cool  semiarid  with  mean 
annual  temperature  colder  than  45°  F.  and  mean  summer  temperature  warmer  than  65°  F.   Mean  annual 
precipitation  is  15  to  19  inches  with  9  to  12  inches  falling  during  May  to  September. 

Principal  Associated  Soils:   These  are  the  Dillinger,  Fergus,  Rlngling,  and  Searing  soils,  and 
the  competing  Twin  Creek  soils.   Dillinger  soils  have  loamy  control  sections.   Fergus  soils  have 
an  arglllic  horizon.   Ringling  soils  have  red  porcelanite  beds  at  depths  shallower  than  20  inches. 
Searing  soils  have  porcelanite  beds  at  depths  of  20  to  40  inches. 
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Relan  Series 

Drainage   and   Permeability:      Well-drained;    moderate   permeability. 

Use   and  Vegetation:      Used   for  native   grass    range  and    for  dryland   crop   production.      Native   vegetation 
is   mid  grasses   and  sagebrush — needle-and-thread,   green   needlegrass,   blue   grama   and  western  wheatgrass, 

Distribution  and   Extent:      Relan  soils   occur  throughout   eastern  Montana  where    they  are   inextensive. 

Series   Established:      Powder  River  County    (Powder  River  Area),    Montana,    1972. 

Remarks:      The   Relan  soils  were    formerly   classified  as   Chestnut  soils. 
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HYDRO  SERIES 

The  Hydro  series  is  a  member  of  the  fine,  montmor illonitic ,  raesic  family  of  Glossic  Ustollic 
Natrargids.   Typically,  Hydro  soils  have  thin  platy  loam  A2  horizons,  mixed  A&B  transition 
horizons,  prismatic  and  blocky  clay  B2t  horizons,  and  Cca  horizons  in  deep  unconsolidated 
loam  or  clay  loam  materials. 

Typifying  Pedon:   Hydro  loam  -  grassland 

(Colors  are  for  dry  soil  unless  otherwise  noted.) 

Al      0-l"--Dark  grayish  brown  (2.5Y  4/2)  loam,  very  dark  grayish  brown  (2.5Y  3/2)  moist; 

moderate  thin  platy  structure  that  separates  to  moderate  very  fine  granules;  slightly 
hard,  very  friable,  slightly  sticky,  slightly  plastic;  many  very  fine  roots  and 
tubular  pores;  slightly  acid  (pH  6.2);  clear  boundary.   (1  to  3  inches  thick) 

A2      l-4"--Light  gray  (2.5Y  7/2)  on  top  of  plates  and  light  brownish  gray  (2.5Y  6/2)  on 
bottom  of  plates,  loam,  grayish  brown  and  dark  grayish  brown  (2.5Y  5/2  and  4/2) 
crushing  to  dark  grayish  brown  (2.5Y  4/2)  moist;  very  thin  platy  structure;  slightly 
hard,  very  friable,  slightly  sticky,  slightly  plastic;  many  very  fine  roots  and  tub- 
ular pores;  surfaces  of  plates  have  a  continuous  coating  of  uncoated  mineral  grains 
on  top  and  undersides;   slightly  acid  (pH  6.2);  clear  boundary.   (2  to  4  inches 
thick) 

A&B     4-ll"--Light  gray  (2.5Y  7/2)  on  top  of  plates  and  light  brownish  gray  (2.5Y  6/2)  on 

underside  of  plates,  light  clay  loam,  dark  grayish  brown  (2.5Y  4/2)  moist;  moderate 
coarse  prismatic  structure  that  separates  to  strong  very  thin  plates  in  upper  part 
and  strong  very  fine  blocks  in  lower  part;  slightly  hard,  very  friable,  slightly 
sticky,  slightly  plastic;  many  very  fine  roots  and  tubular  pores;  plates  have  con- 
tinuous thick  frosting  of  uncoated  mineral  grains  on  top  and  undersurfaces,  blocks 
have  thin  coating  of  uncoated  silt  grains;  slightly  acid  (pH  6.3);  clear  boundary. 
(4  to  8  inches  thick) 

B2t     11-21"— Pale  brown  (10YR  6/3)  light  clay,  light  olive  brown  (2.5Y  5/3)  moist;  dark 

brown  (10YR  4/3)  coating  on  peds;  moderate  medium  prismatic  structure  that  separates 
to  strong  fine  and  very  fine  blocks;  extremely  hard,  firm,  sticky,  plastic;  common 
very  fine  roots,  mainly  between  prisms;  thin  continuous  clay  films;  few  stained  sand 
grains;  moderately  alkaline  (pH  8.0);  clear  boundary.   (6  to  10  inches  thick) 

B3ca    21-31"--Light  olive  brown  (2.5Y  5/3)  heavy  clay  loam,  olive  brown  (2.5Y  4/3)  moist; 

weak  medium  and  coarse  prismatic  structure  that  separates  to  moderate  medium  blocks; 
very  hard,  friable,  sticky,  plastic;  few  roots;  thin  patchy  clay  films;  moderate 
effervescence  with  common  lime  nodules;  strongly  alkaline  (pH  8.4);  clear  boundary. 
(5  to  15  inches  thick) 


Clca 


31-36"--Light  olive  brown  (2.5Y  5/3)  heavy  clay  loam,  olive  brown  (2.5Y  4/3)  moist; 
weak  coarse  blocky  structure;  very  hard,  friable,  sticky,  plastic;  few  roots; 
moderate  effervescence  with  common  soft  lime  nodules  and  few  nests  and  seams  of  gyp- 
sum in  lower  part;  strongly  alkaline  (pH  8.4). 

C2cs    36-51"--Light  olive  brown  (2.5Y  5/3)  clay  loam,  olive  brown  (2.5Y  4/3)  moist;  weak 

coarse  blocky  structure;  hard,  friable,  sticky,  plastic;  very  few  roots;  moderate 
effervescence  with  few  soft  lime  segregations  and  with  common  segregations  of  gypsum 
in  seams  and  nests  of  crystals;  moderately  alkaline  (pH  8.2);  gradual  boundary. 
(0  to  20  inches  thick) 

C3      51-60"--Light  olive  brown  (2.5Y  5/3)  clay  loam,  olive  brown  (2.5Y  4/3)  moist;  weak 
coarse  blocky  structure;  hard,  friable,  sticky,  plastic;  moderate  effervescence; 
moderately  alkaline  (pH  8.2). 

Type  Location:   Powder  River  County,  Montana;  1^00  feet  east  and  1,200  feet  north  of  Sl/4  corner 
of  section  11;  T9S,  R53E. 
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Hydro  Series 

Range  in  Characteristics:   Hydro  soils  are  usually  dry  between  depths  of  4  and  12  inches  when 
soil  temperature  at  20  inches  is  warmer  than  41  degrees  F. ,  but  they  are  not  dry  in  all  parts 
above  12  inches  for  more  than  half  the  time  during  this  period.   The  mean  annual  soil  tempera- 
ture ranges  from  48  to  50  degrees  F.  Hues  are  2.5Y  through  7.5YR  throughout  the  soil  profile. 
or  the  Bt  horizon  may  be  one  hue  redder  than  the  C  horizons.   The  combined  thickness  of  Al,  A2 
aqd  A&B  horizons  is  5  to  10  inches  and  of  the  noncalcareous  part  of  solum  12  to  18  inches. 
The  Ap  horizon  has  value  greater  than  5  dry  and  4  or  more  moist.   The  A2  horizon  has  value  of 
6  or  7.   The  A&B  transition  horizon  is  heavy  loam  or  clay  loam.   Prisms  of  this  horizon  sepa- 
rate to  fine  blocks  in  some  pedons.  The  coating  on  the  plates  and  prisms  shows  many  clear 
uncoated  grains  with  chroma  of  1  or  2  and  value  of  5  or  greater.   The  broken  and  crushed 
surfaces  have  one  unit  stronger  chroma.   The  B2t  horizon  has  value  of  5  or  less  dry  and  chroma 
of  2  or  3  both  coated  and  crushed.   It  has  38  to  45  percent  clay.   It  has  fragile  columns  in 
some  pedons  but  these  separate  easily  to  fine  blocks.   In  some  pedons  the  blocky  structure 
continues  to  depths  of  28  to  30  inches.   Percent  sodium  saturation  ranges  from  5  to  10  percent 
in  the  B  horizon  and  extractable  Ca/Mg  ratio  is  less  than  1  in  some  part  of  the  horizon.   The 
C  horizon  has  more  than  15  percent  exchangeable  sodium  in  some  part  within  a  depth  of  60 
inches.   It  has  a  ratio  of  extractable  Ca  to  Mg  of  less  than  1  in  the  upper  part.   Where  gypsum 
or  other  more  soluble  salts  are  present,  these  are  usually  below  30  inches 

Competing  Series  and  their  Differentiae:   These  are  the  Allentine,  Arvada,  Bone,  Galata,  Gilt 
Edge  and  Winnett  series.   These  soils  have  an  abrupt  boundary  between  the  A  and  the  B  horizons 
and  have  less  than  one  inch  of  tonguing  of  the  A  into  the  top  of  the  Bt  horizon.   Arvada  and 
Bone  soils  have  more  than  15  percent  exchangeable  sodium  in  the  B  horizon.   Gilt  Edge  and 
Winnett  soils  have  strong  columnar  Bt  horizons  beneath  ochric  epipedons  5  or  more  inches  thick. 
Galata  soils  have  more  than  60  percent  clay  in  the  argillic  horizon  and  have  mean  annual  soil 
temperature  colder  than  47  degrees  F. 

Setting :   The  Hydro  soils  are  on  nearly  level  to  sloping  terraces  and  foot  slopes.   They  formed 
in  very  deep  transported  calcareous  loam  or  clay  loam  materials  of  mixed  rock  origin.   The 
climate  is  cool  semiarid  with  mean  annual  air  temperature  ranging  from  45  to  48  degrees  F., 
mean  summer  air  temperature  of  65  to  70  degrees  F.,  a  frost-free  period  of  95  to  150  days,  and 
a  mean  annual  precipitation  of  10  to  15  inches  with  8  to  10  inches  of  warm  season  rainfall. 

Principal  Associated  Soils:   These  are  the  Fort  Collins,  Thurlow  and  Cushman  soils  and  the 
competing  Arvada  soils.   These  soils  lack  A2  horizons,  have  prismatic  or  blocky  structured  B2t 
horizons  with  neutral  or  moderately  alkaline  reaction,  and  have  less  than  7  percent  exchangea- 
ble sodium  in  any  part  of  the  B2t  horizon  with  a  wide  Ca/Mg  exchange  ratio  of  more  than  1.5. 

Drainage  and  Permeability:   Well-drained;  slow  permeability. 

Use  and  Vegetation:   Used  for  irrigated  and  nonirrigated  cropland  and  for  rangeland.   Large 
areas  still  have  western  wheatgrass,  prairie  junegrass,  blue  grama,  and  silver  sagebrush. 

Distribution  and  Extent:   An  extensive  soil  occurring  in  small  areas  widely  distributed 
throughout  the  eastern  and  northern  plains  of  Montana. 

Series  Established:   Big  Horn  County  (Big  Horn  Area),  Montana,  1970. 

Remarks :   The  Hydro  soils  were  formerly  classified  as  Solodized-Solonetz  soils. 
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KYLE   SERIES 

The  Kyle  series  consists  of  deep,  well  drained  soils  formed  in  sediments  weathered  from  clay 
shale  on  uplands.   Permeability  is  very  slow.   Slopes  range  from  0  to  9  percent.  Mean  annual 
precipitation  is  about  16  inches,  and  mean  annual  temperature  is  about  46  F. 

Taxonomic  Class:  Very-fine,  montmorillonitic,  mesic  Ustertic  Camborthids. 

Typical  Pedon:  Kyle  clay  -  on  a  west-facing  plane  slope  of  2  percent  in  native  grass.  When 
described  the  soil  was  moist  to  50  inches.   (Colors  are  for  dry  soil  unless  otherwise  stated.) 

A1--0  to  4  inches;  grayish  brown  (2.5Y  5/2)  clay,  dark  grayish  brown  (2.5Y  4/2)  moist; 
moderate  medium  and  fine  granular  structure;  hard,  firm,  sticky  and  plastic;  thin  crust  in  upper 
1/4  inch  of  light  brownish  gray  (2.5Y  6/2);  common  fine  roots;  neutral;  clear  wavy  boundary.   (2 
to  6  inches  thick) 

B21--4  to  8  inches;  grayish  brown  (2.5Y  5/2)  clay,  dark  grayish  brown  (2.5Y  4/2)  moist;  weak 
medium  and  coarse  prismatic  structure  parting  to  weak  medium  and  fine  blocky;  very  hard,  very 
firm,  sticky  and  plastic;  common  fine  roots;  strong  effervescence;  mildly  alkaline;  gradual  wavy 
boundary. 

B22--8  to  16  inches;  grayish  brown  (2.5Y  5/2)  clay,  dark  grayish  brown  (2.5Y  4/2)  moist; 
weak,  very  coarse  prismatic  structure  parting  to  moderate  medium  blocky;  extremely  hard,  very 
firm,  sticky  and  plastic;  shiny  pressure  faces  on  surfaces  of  peds ;  few  fine  roots;  strong 
effervescence;  mildly  alkaline;  gradual  wavy  boundary.   (Combined  thickness  of  the  B2  horizon  is 
8  to  28  inches.) 

B3--16  to  24  inches;  light  olive  gray  (5Y  6/2)  clay,  dark  grayish  brown  (2.5Y  4/2)  moist; 
weak  coarse  subangular  blocky  structure  parting  to  moderate  medium  and  fine  blocky;  extremely 
hard,  very  firm,  sticky  and  plastic;  shiny  pressure  faces  on  surfaces  of  peds;  few  fine  roots; 
strong  effervescence;  mildly  alkaline;  clear  wavy  boundary.   (0  to  10  inches  thick) 

Clcs--24  to  40  inches;  light  olive  gray  (5Y  6/2)  clay,  olive  gray  (5Y  5/2)  moist;  weak  medium 
subangular  blocky  structure  in  upper  part  becoming  massive  in  lower  part;  extremely  hard,  very 
firm,  sticky  and  plastic;  common  fine  and  medium  nests  of  gypsum;  strong  effervescence;  mildly 
alkaline;  gradual  boundary.   (12  to  20  inches  thick) 

C2--40  to  60  inches;  pale  olive  (5Y  6/3)  clay,  olive  (5Y  5/3)  moist;  massive;  very  hard, 
firm,  sticky  and  plastic;  few  fine  accumulations  of  carbonate  and  gypsum;  strong  effervescence; 
mildly  alkaline. 

Type  Location:  Fall  River  County,  South  Dakota;  about  6  miles  east  of  Oelrichs;  450  feet 
west  and  500  feet  north  of  the  SE  corner  (fence),  north  side  of  U.  S.  Highway  18,  sec.  12,  T.  10 
S.  ,  R.  8  E. 

Range  in  Characteristics:  The  thickness  of  the  solum  ranges  from  about  18  to  40  inches.  The 
soil  typically  lacks  free  carbonates  to  depths  of  4  to  6  inches,  but  some  pedons  contain 
carbonates  at  the  surface.  When  the  soil  is  dry,  cracks  1/2  to  2  inches  wide  and  several  feet 
long  extend  downward  through  the  solum.   The  control  section  typically  averages  about  60  percent 
clay.   The  soil  lacks  a  mollic  epipedon  but  the  upper  10  inches  of  the  solum  has  an  average 
organic  carbon  content  between  0.6  and  1.7  percent.  When  the  soil  is  dry  a  porous  crusty  surface 
1/8  inch  to  1/2  inch  thick  with  dry  color  value  of  6  or  7  is  typical. 

The  A  horizon  has  hue  of  10YR,  2.5Y,  or  5Y,  value  of  5  or  6  and  3  or  4  moist,  and  chroma  of  1 
to  3.  It  typically  is  clay  but  some  is  silty  clay.  It  is  neutral  or  mildly  alkaline. 
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The  B  horizon  has  hue  of  2.5Y  or  5Y,  value  of  5  or  6  and  4  or  5  moist,  and  chroma  of  1  to  3. 
Both  dry  and  moist  colors  of  the  surface  of  peds  in  the  B2  horizons  range  from  1/2  to  1  value 
darker  than  the  crushed  peds.  The  B  horizon  has  weak  medium  to  very  coarse  prismatic  structure 
that  parts  readily  to  weak  or  moderate,  fine  or  medium  subangular  blocky  or  blocky.   It  is 
extremely  hard  or  very  hard  when  dry  and  extremely  firm  or  very  firm  when  moist.   It  is  mildly  or 
moderately  alkaline. 

The  C  horizon  has  hue  of  2.5Y  or  5Y ,  value  of  5  or  6  and  4  or  5  moist,  and  chroma  of  2  or  3. 
In  some  pedons  it  has  few  or  common,  fine  to  coarse  accumulations  of  carbonates  which  may  also  be 
in  the  B3  horizon.  It  has  few  or  common  iccumulat ions  of  gypsum,  and  in  some  pedons  the  gypsum  is 
in  the  B3  horizon.  Unweathered  shale  typically  is  at  depths  greater  than  5  feet  but  is  as  shallow 
as  40  inches  in  some  pedons.  It  is  mildly  or  moderately  alkaline. 

Competing  Series:  These  are  the  Larvie,  Pierre,  Swanboy,  Twotop,  Wasa,  and  Winler  series  in 
the  same  family  and  the  Hisle,  Opal,  and  Promise  series.  The  Larvie,  Pierre,  Wasa,  and  Winler 
soils  have  bedded  shales  within  depths  of  40  inches.  Swanhoy  soils  have  visible  salts  within 
depths  of  10  inches.   Twotop  soils  lack  prismatic  structure.  Hisle  soils  have  natric  horizons. 
The  Opal  and  Promise  soils  have  mollic  epipedons. 

Geographic  Setting:   Kyle  soils  are  nearly  level  to  moderately  sloping  on  uplands  and 
colluvial  fans.   Slopes  are  plane  to  convex,  and  slope  gradients  range  from  0  to  9  percent. 
Slight  gilgai  microrelief  is  in  some  places.   The  soil  formed  in  clay  sediments  weathered  from 
calcareous  clay  shale.   Mean  annuaL  air  temperature  ranges  from  45  to  53  F,  and  mean  annual 
precipitation  ranges  from  about  12  to  17  inches. 

Geographically  Associated  Soils:   These  are  the  competing  Hisle,  Pierre,  Swanboy,  Twotop, 
Wasa,  and  Winler  soils  and  the  Lismas  and  Samsil  soils.   Hisle  soils  are  on  similar  landscapes 
with  microrelief.   Pierre  soils  are  on  landscapes  above  the  Kyle  soils.  Swanboy  soils  are  on  fans 
and  flats.  Twotop,  Wasa,  and  Winler  soils  are  on  similar  landscapes  below  the  Kyle  soils.  The 
Lismas  and  Samsil  soils  have  shale  within  depths  of  20  inches  and  are  on  steeper  landscapes. 

Drainage  and  Permeability:   Well  drained.   Surface  runoff  is  medium  or  rapid  on  sloping 
areas  to  slow  on  nearly  level  areas.  Permeability  is  very  slow,  except  after  dry  periods  when  the 
initial  intake  into  cracks  is  rapid. 

Use  and  Vegetation:   Used  primarily  as  rangeland.   Wheat,  sorghums,  and  alfalfa  are 
principal  crops  when  cultivated.   Native  grasses  are  mostly  western  wheatgrass,  green 
needlegrass,  buf falograss  ,  and  blue  grama. 

Distribution  and  Extent:   Western  South  Dakota,  northwest  Nebraska,  and  eastern  Wyoming. 
The  series  is  extensive. 

Series  Established:  Butte  County,  South  Dakota,  1970. 
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McRAE   SERIES 

The   McRae   series    is   a   member  of    the    fine-loamy,    mixed,    mesic    family   of    Ustollic   Camborthids. 
Typically,    McRae  soils   have   light  brownish   gray    loam  Ap  horizons,    grayish  brown   loam  B2 
horizons    and   pale   olive   calcareous    loam  C  horizons   with    slight   segregation   of    lime    in   the 
upper  part. 

Typifying  Pedon:      McRae   loam  -   cultivated 

(Colors   are    for  dry   soil   unless   otherwise   noted.) 

Ap  0-5"— Light    brownish   gray    (2.5Y   6/2)    loam,    dark   grayish  brown    (2.5Y    4/2)    moist;    coatings 

on   granules    of   grayish   brown    (2.5Y    5/2)    dry    and   very    aark    grayish   brown    (2.5Y 
3/2)    moist;    weak   medium   granular   structure;   slightly   hard,    very    friable,    slightly 
sticky,    nonplastic;    abrupt    boundary. 

B2  5-11" — Grayish  brown    (2.5Y    5/2)    loam,    dark   grayish   brown    (2.5Y    4/2)    moist;    coatings    on 

peds   of   dark   grayish   brown    (2.5Y    4/2),    very    dark   grayish   brown    (2.5Y    3/2)    moist; 
moderate   medium   prismatic   structure;    hard,    very    friable,    slightly    sticky,    slightly 
plastic;    thin  patchy    clay    films;    clear   boundary.       (6    to   9    inches    thick) 

Clca  11-34" — Pale   olive    (5Y   6/3)    loam,    olive    (5Y    5/3)    moist;    very   weak    coarse   prismatic 

structure   in   upper   part,    becoming   massive   and   stratified    in    lower   part;    hard, 
friable,   slightly   sticky,    slightly   plastic;    moderate  effervescence  with   few 
seams    and  soft   nodules    of   segregated    lime;    gradual   boundary.       (20    to    30   inches 
thick) 

C2  34-60" — Pale   olive    (5Y   6/3)    loam,    olive    (5Y     >/3)    moist;    massive;    slightly   hard, 

friable,    slightly    sticky,    slightly    plastic;    moderate   effervescence. 

Type    Location:      Yellowstone   County,    Montana;    1350    feet   south    and    330    feet   east   of  Wl/4 
corner  sec.    19,    T.4N.,    R.33E. 

Range    in    Characteristics:      The   McRae   soils    are    usually    dry    between   depths   of    4    and    12    inches 

but    are    not    dry    in   all   parts    above    12    incies    for   more    than    half    the    time    that    soil    temperature 

at    20   inches    is    more    than    41°F.      The    mean    annual   soil    temperature    is    about    48°F.      The   solum 

is    11    to    14    inches    thick.      The   soil   between    depths    of    10    and   40    inches    is    loam   or    light 

clay    loam  with    18    to    30   percent    clay    and   more    than    15   percent    fine    and    coarser  sands.      The    soil 

is    moderately    or   strongly    alkaline.      Conductivity   of    the   saturation    extract    ranges    from 

1    to    3   millimhos    per   cm.      These   soils    are    generally   nonsaline.      The    Ap    and    B2    horizons 

are   noncalcareous    or  weaklv    calcareous.      Hue    is    10YR   through    5Y.      The    Ap    horizon   has    value 

of    5   or   6    dry    and    3.5    through    5   moist.       Its    granules    are    coated   one-half    to   one   unit   of 

value   darker.       The    B2    horizon   tias    dry    and    moist    value    of    the    crushed   soil    the    same    as    in 

the   Ap   horizon,    and   has    coated   colors    one-half    unit    darker.       The    chroma    is    2   or    3.      The 

C   horizon   has    value    of    5   or    4   moist.       It    has    less    than    5    percent    mottles    of    segregated 

lime    and   has    an    estimated    8    to    12    percent    CaC03   equivalent. 

Competing    Series    and    their    Pit  ferentiae :      These    are    the    Edgar   and   Menoken   series.      Edgar 
soils    have    a   prominent    horizon   of    lime    accumulation  with    dry    value    of    7    or   more.      Menoken 
soils    have    less    than    15    percent    fine    and    coarser   sand    in    the    lJ-   to   40-inch    control   section. 

Setting:      McRae    soils    are    on    terraces    of    rivers    and   streams,    aLluvial    fans    in   valleys, 

and    tootslopes    in    the    uplands.      They    formed    in    calcareous    loam   alluvium    from   soiis    developed 

over   sedimentary    rocks.      The   mineralogy    of    the    alluvium    is    mixed.      The    climate    is   semiarid 

with    a   mean    annual    precipitation   of    8    to    14    inches    and   mean    annual    temperature   ol    43°    to 

50°F. 

Principal    Associated    Soils:      These    are    the    Bainville,    Cushman,    Elso,    Fort    Collins,    Havre, 
and   Midway    soils.      Bainville,    Cushman,    Elso    and    Midway    soils    are   on    the    uplands    occupying 
hills    and    ridges,    and    the    Fort    Collins   and   Havre    soils    are    in    valleys.      Bainville,    Cushman, 
Elso    and   Midway    soils    have   shale   bedrock   at    depths    ranging   shallower    than    40    inches,    and 
Cushman    and    Fort    Collins    soils    have    Bt   horizons.      Havre    soils    occur   on    river    and   stream 
flood    plains    and   have   no   horizonat ion . 

Drainage    and    Permeability:      Well-drained;    moderate    permeability;    slow    to    medium    runoff. 

Use   and  Vegetation:      Principally   used   for   irrigated   cripland.      Used   also    for    rangeland. 
Principal   native    vegetation    is   mixed   short    and   mid   grasses   and    forbs. 
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McRae  Series 

Distribution   and   Extent:      Southeastern  Montana  where   they   are   moderately   extensive. 

Series   Established:      Treasure  County,   Montana,    1961. 

Remarks:      The   McRae   soils   were   formerly   classified   as   Brown  soils. 

National   Cooperative   Soil   Survey 
U.    S.    A. 
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MIDWAY  SERIES 


The  Midway  series  consists  of  shallow,  well  drained  soils  that  formed  in  material  weathered  from  shale. 
Midway  soils  are  on  convex  crests  of  ridges  and  hills  and  have  slopes  of  2  to  75  percent.   The  mean  annual 
precipitation  is  about  12  inches,  and  the  mean  annual  air  temperature  is  about  46°F. 

Taxonomic  Class;   Clayey,  montmorillonitic  (calcareous),  mesic,  shallow  Ustic  Torriorthents. 

Typical  Pedon;   Midway  silty  clay  loam,  grassland.   (Colors  are  for  dry  soil  unless  otherwise  noted.) 

Al — 0  to  3  inches;  light  yellowish  brown  (2.5Y  6/4)  silty  clay  loam,  light  olive  brown  (2.5Y  5/4) 

moist;  weak  thin  plates  that  separate  to  fine  crumb  structure;  soft,  friable,  sticky  and  plastic;  many 

very  fine  roots  and  pores;  strongly  effervescent;  moderately  alkaline  (pH  8.4);  gradual  boundary.  (2  to  8 
inches  thick) 

AC — 3  to  7  inches;  light  yellowish  brown  (2.5Y  6/4)  clay,  light  olive  brown  (2.5Y  5/4)  moist;  thin 
platy  structure;  soft,  friable,  sticky  and  plastic;  many  very  fine  roots  and  pores;  strongly  effervescent; 
moderately  alkaline  (pH  8.0);  abrupt  boundary.   (2  to  8  inches  thick) 

CI — 7  to  14  inches;  light  brownish  gray  (2.5Y  (>/3)  mottled  with  light  gray  (2.5Y  7/2)  clay,  light 
olive  brown  (2.5Y  6/3)  and  olive  ( 5Y  5/3)  moist;  thin  platy  structure  with  gypsum  crystals  between  the 
plates;  soft,  friable,  sticky  and  plastic;  many  very  fine  roots  with  few  roots  and  tubular  pores  through 
•oft  shale  plates;  strongly  effervescent;  moderately  alkaline  (pH  8.0);  abrupt  boundary.   (2  to  8  inches 
thick) 

C2r — 14  to  30  inches;  pale  olive  (5Y  6/3)  platy  silty  and  clayey  shale  mottled  with  yellow,  brown  and 
black,  with  seams  of  gypsum  crystals;  few  roots  in  vertical  cracks  of  shale;  strongly  effervescent; 
moderately  alkaline  (pH  8.4). 

Type  Location;   Powder  River  County,  Montana;  300  feet  south  and  200  feet  east  of  Nl/4  corner  of  section 
23,  T.3S.,  R.49E. 


Range  in  Characteristics;   Mean  annual  soil  temperature  ranges  from  47°  to  508F.   The  depth  to  the 
paralithic  contact  of  stratified  shale  beds  is  6  to  20  inches.   The  hue  ranges  from  10YR  through  5Y. 
control  section  is  clay,  silty  clay,  or  silty  clay  loam  with  35  to  45  percent  clay. 


The 


The. A  horizon  has  value  of  3  through  6  dry,  2  through  5  moist,  and  chroma  of  2  or  3.   Horizons  with  value 
of  3  dry  and  2  moist  are  thin  (1  to  4  inches  thick).   This  horizon  is  neutral  to  moderately  alkaline. 

The  C  horizon  has  value  of  5  through  8  dry,  4  through  6  moist,  and  chroma  of  2  through  4. 

Competing  Series;   These  are  the  Chantier,  Danko,  Epsie,  Lismas  and  Samsil  series  in  the  same  family,  and 
the  Lisam  and  Uayden  series  that  are  closely  related.   Chantier  soils  have  B2  and  Ccssa  horizons.   Danko 
soils  have  hue  of  7.5YR  or  redder.   Epsie  soils  have  50  to  60  percent  clay.   Lismas  soils  contain  45 
percent  clay.   Samsil  soils  have  more  than  50  percent  clay,  more  than  35  percent  shale  fragments  of  sand 
and  silt  size  in  the  control  section  and  have  low  clay  activity  relative  to  total  clay.   Lisam  and  Wayden 
soils  have  soil  temperatures  of  47°F.  or  less. 

Geographic  Setting;   Midway  soils  are  gently  sloping  to  very  steep  and  are  on  crests  of  ridges  and  hill 
sides  of  sedimentary  plains,  at  elevations  of  2,300  to  3,500  feet.   They  formed  in  material  weathered  from 
calcareous  platy  shale  in  which  the  clay  is  mostly  of  montmorillonitic  type.   The  climate  is  semiarid. 
The  mean  annual  temperature  is  46°  to  50°F.   The  mean  annual  precipitation  is  8  to  16  inches,  most  of 
which  falls  during  spring  and  early  summer.   The  32°F.  growing  season  is  115  to  140  days. 

Geographically  Associated  Soils;   These  are  the  Bainville,  Oceanet,  Razor,  Renohill,  Shingle,  Thurlow,  and 
Travessilla  soils,  and  the  competing  Lismas  soils.   Bainville  soils  have  siltstone  bedrock  at  depth  of 
about  24  inches.   Oceanet  soils  have  5  to  18  percent  clay  in  the  control  section.   Razor,  Renohill,  and 
Thurlow  soils  have  heavy  clay  loam  or  clay  B  horizons.   Shingle  soils  have  less  than  35  percent  clay  in 
the  control  section.   Travessilla  soils  have  hard  sandstone  bedrock  at  depth  of  about  8  inches. 

Drainage  and  Permeability;   Well  drained;  medium  to  rapid  runoff;  slow  permeability. 

Use  and  Vegetation;   Principally  native  range  with  associations  of  short  grasses  or  forbs — prairie 
junegrass,  silver  sage,  threadleaf  sedge,  western  wheatgrass  and  rabbitbrush.   Some  areas  have  low  density 
stands  of  ponderosa  pine. 

Distribution  and  Extent;   Montana,  Colorado,  and  western  North  Dakota.   The  series  is  moderately 
extensive. 
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Midway  Series 

Series  Established:   Central  Montana  Reconnaissance,  Montana,  1946. 

Remarks;   The  Midway  soils  were  formerly  classified  ii  Lithosols. 
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OCEAN ET  SERIES 


The  Oceanet  series  is  a  member  of  the  loamy,  mixed  (calcareous),  mesic, 

shallow  family  of  Typic  Torriorthents .   Typically,  Oceanet  soils  have  very 

friable  calcareous  A  horizons,  and  calcareous  moderately  coarse  textured 

C  horizons  overlying  bedrock. 

Typifying  Pedon:   Oceanet  loam  -  grassland 

(Colors  are  for  dry  soil  unless  otherwise  noted.) 

Al     0-5" — Light  brownish  gray  (2.5Y  6/3)  sandy  loam,  dark  grayish  brown 
(2.5Y  4/2)  moist;  weak  fine  crumb  structure  that  parts  to  single 
grains;  soft,  very  friable;  calcareous;  moderately  alkaline  (pH 
8.2);  gradual  smooth  boundary.   (4  to  6  inches  thick) 

C      5-14" — Light  yellowish  brown  (2.5Y  6/3)  sandy  loam,  light  olive 
brown  (2.5Y  5/3)  moist;  massive;  slightly  hard,  very  friable; 
many  partially  weathered  sandstone  fragments  soft  enough  to  be 
crushed  in  the  hand;  calcareous;  moderately  alkaline  (pH  8.4); 
gradual  wavy  boundary.   (4  to  12  inches  thick) 

IIC    14-20" — Calcareous  sandstone. 

Type  Location:   Fremont  County,  Wyoming;  approximately  550  feet  N  and  200 

feet  E  of  the  W  1/4  corner  of  sec.  34,  T.3N.,  R.3E. 

Range  in  Characteristics:   They  are  calcareous  at  or  near  the  surface. 

Depth  to  bedrock  ranges  from  10  to  20  inches.   Content  of  organic  carbon 

in  the  surface  horizon  ranges  from  . 5  to  2  percent  and  decreases  uniformly 

with  depth.   Conductivity  is  typically  less  than  1  millimho  and  E.  S.  P. 

is  typically  less  than  1  percent  in  the  control  section,  but  both  may  increase 

slightly  just  above  the  bedrock.   The  control  section  is  typically  a  sandy 

loam,  but  clay  may  range  from  5  to  18  percent,  silt  from  5  to  35  percent, 

and  sand  from  52  to  80  percent  with  more  than  35  percent  fine  sand  or  coarser, 

and  excluding  loamy  fine  sand  or  coarser  texture.   Content  of  coarse  fragments 

range  from  0  to  35  percent  and  are  mostly  sandstone  channery.   Mean  annual 
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Oceanet   Series 

soil    temperature   ranges    from  47°    to   50°F.  ,    and  mean   summer  soil   temperature 

ranges    from  60   to   75°F.      The  A  horizon  has  hue  of  5Y   through  10YR,   value 

of   5   or  6   dry   and  4  or  5  moist,    and   chroma  of  2   or  3.      Reaction   ranges 

from  pH  8.0   to  pH  8.6.      Usually  structure   is   granular  or  crumb,   but   it 

is  weak  subangular  blocky  or  single   grained   in  some   pedons  .      Dry    consistence 

ranges    from  soft   to  slightly   hard.      Hue   of   the   C  horizon    ranges    from  5Y 

through   10YR.      Reaction   ranges    from  pH   8.0    to   pH   8.6,    and   calcium  carbonate 

equivelent    ranges    from   1   to   3  percent  with  no   continuous   horizons   of  visible 

secondary   carbonate   accumulation. 

Competing  Series    and   their   Differentiae:      These   are   the   Birds  ley,    Persayo, 

and   Roic.      Birdsley   and  Persayo   soils    have   more    tha   18   percent    clay    in 

the    control   section.      Roic  soils    have    less    than   35   percent    fine   and   coarser 

sand   in  the   control  section. 

Setting:      These   soils    are  on   gently    to   steeply   sloping   upland  hills    and 

ridges  with   slope    gradients    ranging    from   1    to   40   percent.      The    regolith 

consists   of  moderately   coarse   textured,    calcareous   sediments  weathered 

from   the   underlying  bedrock.      At    the    type   location,    the   average    annual 

precipitation   is    7   inches,   with   peak   periods   of   precipitation   during   the 

spring   and   summer  months.      Mean   annual   soil   temperature   is   48°F.  ,    mean 

summer   soil   temperature    is   about    67°F. 

Principal   Associated   Soils:      These   include    the  Apron   and  Worland   soils. 

Apron   soils    lack  bedrock  within   40    inches    of   the   surface.      Worland  soils 

have   bedrock   between   depths   of   20    and   40    inches . 

Drainage   and   Permeability:      Well   and   somewhat   excessively   drained;    runoff 

is   slow;   permeability   is   rapid   to   moderately   rapid. 
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Oceanet  Series 

Use   and  Vegetation:      These  soils  are  used  principally   as   rangeland.      Native 

vegetation  includes   sage,    Indian  ricegrass,   needle-and-thread,    and  some 

blue    grama. 

Distribution  and  Extent:   Basin  areas  of  north  and  central  Wyoming.   The 

series  is  of  moderate  extent. 

Series  Established:   Fremont  County  (Riverton  Irrigated  Area) ,  Wyoming, 

1969. 

National   Cooperative  Soil   Survey 
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REVISED  DRAFT  Tentative  Series 

CAM-JLP  9/30/66 

RAPELJE  SERIES 

The  Rapelje  series  is  a  member  of  a  fine-silty,  mixed,  frigid  family  of 

Borollic  Glossic  Natrargids.   Typically,  these  soils  have  A2,  A&D,  Bt,  Bcs, 

Cca  and  C  horizon  sequence  with  much  clear  unstained  silt  and  sand  grains 
coating  peds  in  A2  andupper  Bt  horizons. 

Typifying  Pedon:  Rapelje  silt  loam,  native  grass  cover 

(Colors  are  for  dry  soil  unless  otherwise  noted.) 

A2    0-5" — Light  brownish  gray  (10YR  6/2)  top  of  plates  and  grayish  brown 
(10YR  5/2)  on  bottom  of  plates,  silty  loam;  dark  grayish  brown 
(10YR  4/2)  moist;  many  clean  silt  grains;  weak  fine  platy  structure; 
soft,  friable,  slightly  sticky;  abundant  fine  roots;  noncalcareous ; 
pH  6.5;  clear  boundary.   (3  to  7  inches  thick) 

A&B   5-8"--Light  brownish  gray  (10YR  6/2)  top  and  vertical  faces  of  peds, 
dark  grayish  brown  (10YR  4/2)  of  ped  interior,  silty  clay  loam; 
dark  brown,  crushing  to  dark  grayish  brown  (10YR  3/3  and  4/2)  moist; 
weak  prismatic  breaking  to  moderate  fine  blocky  structure;  hard, 
friable,  sticky  and  plastic;  clay  coating  and  bridging  mineral 
grains  through  soil  with  many  clean  silt  grains  on  ped  tops  and 
vertical  faces;  abundant  fine  roots;  noncalcareous;  pH  6.5;  clear 
smooth  boundary.   (2  to  6  inches  thick) 

B2t    8-18"--Dark  grayish  brown  (10YR  4/2)  silty  clay  loam,  very  dark 

grayish  brown  (10YR.  3/2,  crushed  4/2)  moist;  moderate  medium  and 
coarse  prismatic  separating  to  strong  medium  blocky  structure; 
hard,  friable,  sticky  and  plastic;  prominent  clay  film  on  peds; 
few  gypsum  crystals  in  lower  portion  of  horizon;  common  fine  roots 
between  peds;  noncalcareous,  pH  7.0;  clear  boundary.   (4  to  16 
inches  thick) 

B3cs   18-26»"--Mixed  pale  brown  (10YR  6/3)  and  brown  (10YR  5/3)  silty  clay 
loam,  dark  brown  (10YR  4/3)  when  moist  and  crushed;  moderate 
fine  blocky  structure;  hard,  friable,  sticky,  plastic;  prominent 
clay  film  on  peds;  few  to  common  seams  of  gypsum;  few  fine  roots; 
strongly  calcareous,  pH  8.0;  gradual  smooth  boundary.   (5  to  12 
inches  thick) 

Clca   26-43"--Light  gray  (10YR  7/2)  silt  loam,  grayish  brown  (10YR  5/2) 
moist;  massive;  hard,  friable,  slightly  sticky  and  nonplastic; 
strongly  calcareous;  pH  8.0;  few  seams  and  threads  of  lime;  very 
few  fine  roots;  gradual  smooth  boundary.   (10  to  20  inches  thick) 

IIC2  43-60"--Light  gray  (10YR  7/2)  fine  sandy  loam,  brown  (10YR  5/3)  moist; 
single  grain;  soft,  very  friable,  no  roots;  strongly  calcareous; 
pH  8.0. 

Type  Location:   Powder  River  County,  Montana;  600  feet  west  and  600  feet  north 
of  SE  corner,  Section  23,  T6S,  R46E. 
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Rapelje  Series 


Range  in  Characteristics:   Rapelje  soils~are  usually  dry  when  not  frozen, 
unless  irrigated.   Mean  annual  soil  temperature  is  less  than  47  degrees  F. 
and  average  summer  temperature  is  warmer  than  60  degrees  F.   Soil  colors 
are  in  hues  of  10YR  to  5Y.   The  A2  horizon  has  dry  values  of  6  to  7  and 
moist  values  of  3  to  5,  ohroma  are  2  or  3.   Structure  is  weak  platy  and 
weak  prismatic  separating  to  weak  thick  platy.   The  mixed  A&B  horizon  is 
more  clayey  than  the  A2  harizon,  has  the  same  range  in  color  and  has  a 
weak  prismatic  structure  separating  to  thick  platy  or  fine  blocky  structure. 
The  B2t  horizon  is  darker  colored  with  dry  values  of  4  to  6  and  moist 
values  of  3  to  4  with  chroma  of  2.   Structure  is  prismatic  separating 
to  moderate  or  strong  blocky.   Peds  have  light  reflecting  surfaces  when  dry 
indicating  presence  of  clay  film.   Percent  of  clay  in  the  B2t  ranges  from 
2,5  to  35  percent  with  from  5  to  10  absolute  percent  more  clay  than  in  the 
A2  horizon.   Crystals  of  CaSO^  appear  in  the  lower  B2t  horizon,  are  common 
or  abundant  in  Bcs  or  Ccs  horizon.   The  C  horizon  is  a  silt  loam  with  from 
15  to  27  percent  clay,  has  5  to  10  percent  CaC03  equivalent  with  few  to 
common  segregations  of  calcium  carbonate. 

Competing  Series  and  Their  Differentiae:   These  include  the  Hydro  series 
in  a  different  family  of  the  same  subgroup  and  the  Phillips  series  in  a 
different  Great  Group.   These  competing  series  have  A2,  A&B,  B2t  sequence 
of  horizons  in  their  solums.   The  Hydro  series  has  more  than  35  percent 
clay  in  the  B2t  horizon  and  the  mean  annual  soil  temperature  is  warmer  than 
47  degrees  F.   The  Phillips  series  has  more  than  35  percent  clay,  less  than 
5  percent  exchangeable  sodium  and  a  wide  calcium  to  magnesium  exchange  ratio 
in  the  B2t  horizon. 

Setting:  The  Rapelje  soils  occur  on  nearly  level  to  sloping  upland  plains 
in  southeastern  Montana  at  elevations  ranging  from  3,000  to  4,000  feet. 
Parent  materials  are  weathered  calcareous  siltstone  or  locally  transported 
silt  loam  materials.   The  climate  is  cool  semiarid  with  10  to  16  inches 
average  annual  precipitation,  mean  annual  temperature  of  42  to  45  degrees  F., 
and  average  summer  temperature  of  65  to  70  degrees  F. 

Principal  Associated  Soils:  These  include  the  Farland  and  Cabba  series. 
The  Farland  soils  have  dark  colored  Al  horizons  and  B2t  horizons  developed 
in  deep  silt  loam  deposits.   The  Cabba  soils  are  light  colored  and  have 
soft  loam  or  silt  loam  bedrock  at  depths  shallower  than  20  inches. 

Drainage  and  Permeability:   Rapelje  are  well  drained  soils  with  moderately 
slow  permeability. 

Use  and  Vegetation:   Used  for  native  rand  and  for  production  of  small  grains. 
Native  vegetation  consists  of  green  needlegrass,  needleandthread,  western 
wheatgrass,  upland  sedges  and  sagebrush. 

Distribution  and  Extent:   Rapelje  soils  are  moderately  extensive  in  southeastern 

Montana. 

Series  Proposed:   Power  River  Area  Soil  Survey,  Montana,  1966. 

Remarks :   This  series  was  formerly  classified  with  Solodized-Solonetz  soils. 
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REMMIT  SERIES 


The  Re mutt  series  Is  a  member  of  the  coarse-loamy,  mixed,  meslc  family  of  Ustolllc  Camborthlds . 
Typically,  Remmlt  soils  have  grayish  brown  fine  sandy  loam  Al  and  B2  horizons  and  light  olive 
brown  calcareous  fine  sandy  loam  CI  horizons  resting  on  grayish  brovm  calcareous  heavy  silt  loam 
IIC2ca  horizons. 

Typifying  Pedon:   Remmlt  fine  sandy  loam  -  native  grass 

(Colors  are  for  dry  soil  unless  otherwise  noted.) 

Al        0-12" — Grayish  brown  (10YR  5/2)  fine  sandy  loam,  dark  grayish  brown  (10YR  4/2)  coated 

with  very  dark  grayish  brown  (10YR  3/2)  moist;  weak  crumb  structure;  soft,  very  friable, 
nonstlcky,  nonplastic;  many  very  fine  roots  and  fine  interstitial  pores;  noncalcareous ; 
neutral  (pH  7.3);  gradual  boundary.   (7  to  15  inches  thick) 

B2        12-24" — Grayish  brown  (2.5Y  5/2)  fine  sandy  loam,  dark  grayish  brown  (2.5Y  4/2)  moist; 

weak  prismatic  structure;  soft,  very  friable,  nonsticky,  nonplastic;  few  roots;  noncalcareous; 
mildly  alkaline  (pH  7.5);  gradual  boundary.   (5  to  15  Inches  thick) 

CI        24-44" — Light  olive  brown  (2.5Y  4/2)  fine  sandy  loam  with  numerous  small  sandstone  and 
slltstone  chips,  olive  brown  (2.5Y  4/4)  moist;  massive;  slightly  hard,  very  friable, 
nonsticky,  nonplastic;  few  roots;  mildly  calcareous;  moderately  alkaline  (pH  8.4); 
abrupt  boundary. 

IlC2ca    44-62" — Grayish  brown  (2.5Y  5/2)  heavy  silt  loam,  dark  grayish  brown  (2.5Y  4/2)  moist; 

massive;  slightly  hard,  friable,  slightly  sticky,  slightly  plastic;  few  roots;  moderately 
calcareous;  white  (2.5Y  8/2)  lime  segregations,  light  brownish  gray  (2.5Y  6/2)  moist; 
strongly  alkaline  (pH  9.0). 

Type  Location:   Powder  River  County,  Montana;  1,100  feet  south  and  1,300  feet  east  of  NE  section 
corner  of  sec.  25,  T.2S.,  R.50E. 

Range  in  Characteristics:   The  mean  annual  soil  temperature  is  48°  to  52°F.   The  hue  is  yellower 
than  7. SYR.   B2  and  upper  C  horizons  are  fine  sandy  loam  or  sandy  loam.   The  Al  horizon  has  value 
of  3.5  to  5  and  chroma  of  2  or  3.   The  B  horizon  has  moist  value  of  4  or  5  and  chroma  of  2  through 
4.   The  weighted  average  organic  carbon  content  in  the  upper  15  Inches  is  . 7  to  1  percent.   The 
sand/clay  ratio  ranges  from  4  to  10.   Estimated  CaC03  equivalent  is  8  to  12  percent  in  the  Cca 
horizons . 

Competing  Series  and  their  Differentiae:   These  are  the  Alice,  Begay,  Ignacio,  McRae ,  Terry,  Twilight, 
Vona  and  Wall  series.   Alice  soils  have  mollic  epipedons.   Begay  soils  have  hue  of  5YR  or  7.5YR  in 
the  B2  horizon.   Ignacio  soils  have  a  lithic  contact  at  depths  of  20  to  40  Inches.   McRae  soils 
have  18  to  30  percent  clay  in  the  10-  to  40-inch  control  section.   Terry  and  Vona  soils  have  argillic 
horizons  and  Terry  soils  have  sandstone  at  a  depth  of  about  28  inches.   Twilight  soils  have  mean 
annual  soil  temperature  colder  than  47°F.   Wall  sills  average  less  than  .5  percent  organic  carbon 
In  the  upper  15  inches. 

Setting:   Remmlt  soils  occupy  smooth  slopes  on  the  undulating  to  hilly  uplands  on  soft  sandstone 
residual  plains.   The  parent  material  is  weathered  calcareous  soft  massive  sandstone  or  transported 
materials  of  mixed  mineralogy.   The  climate  is  cool  semiarid  with  a  mean  annual  temperature  of 
45°  to  50°F.  and  mean  summer  temperature  warmer  than  65°F.   Mean  annual  precipitation  is  10  to 
15  inches  with  6  to  8  Inches  falling  during  May  through  September. 

Principal  Associated  Soils:   These  are  the  Oceanet,  Travessllla,  and  Tullock  soils  and  the  competing 
Vona  soils.   Oceanet  and  Travessllla  soils  have  sandstone  bedrock  at  depths  of  10  to  20  inches. 
Tullock  soils  have  sandstone  bedrock  at  depths  of  20  to  40  Inches. 

Dralnagd  and  Permeability:   Well-drained;  moderately  rapid  permeability. 

Use  and  Vegetation:   Used  for  dryland  crops  of  small  grains  and  hay  or  for  native  range.   Vegetation 
is  mid  and  tall  grasses,  green  needlegrass,  prairie  sandreed,  yucca,  lupine,  onion  and  cacti. 
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Remmit  Series 

Distribution  and  Extent:   Reamlt  soils  occur  in  southeastern  Montana  where  the  series  is  inextensive. 

Series  Established:   Powder  River  County  (Powder  River  Area),  Montana,  19  72. 


Rema 


rks:   Remmit  soils  were  formerly  classified  as  Brown  soils. 
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RINGLINC  SERIES 


The  Ringling  series  is  a  member  of  the  fragmental,  mixed  famLly  of  Typic  llaploboroiis .   Typically, 
Ringling  soils  have  reddish  brown  channery  loam  Al  horizons,  and  reddish  brown  very  channery 
loam  C  horizons  with  the  volume  of  rock  fragments  Increasing  with  increasing  depth  from  35  to 
80  percent  and  grading  to  loose  porcellanite  or  burned  shale  and  sandstone  bedrock  at  a  depth 
of  about  13  inches. 

Typifying  I'edon:   Ringling  channery  loam  -  native  sod  cover 

(Colors  are  for  dry  soil  unless  otherwise  noted.) 

Al     0-3" — Reddish  brown  (5YR  4/4)  channery  loam,  dark  reddish  brown  (3YK  J/ 3)  moist;  weak 

fine  crumb  structure;  soft,  very  friable,  nonsticky,  nonplastic;  many  very  fine  roots; 
many  very  fine  Interstitial  pores;  30  percent  thin  hard  burned  sliaJe  fragments;  neutral; 
clear  wavy  boundary.   ( 3  to  8  inches  thick) 

Cl      3-13"--Reddish  brown  (SYR  5/3)  very  channery  loam,  dark  reddish  brown  (SYR  3/3)  moist; 
massive;  soft,  very  friable,  nonsticky,  nonplastic;  many  very  fine  roots;  35  percent 
increasing  with  increasing  depth  to  80  percent  flat  fragments  of  hard  baked  shale; 
neutral;  abrupt  boundary.   (0  to  15  inches  thick) 

C2     13-60" — Hard  platy  red  baked  shale  coated  with  lime  and  having  pendants  of  lime  on  undersides; 
soil  from  Cl  horizon  partly  fills  the  voids  between  rock  fragments  in  the  upper  part. 

Type  Location:   Big  Horn  County,  Montana;  525  feet  SE  of  center  sec.  17,  T.5S.,  R.38E. 

Range  in  Characteristics:   Depth  to  fractured  bedrock  ranges  from  5  to  20  inches.   Rock  fragments 
range  from  30  percent  in  the  Al  horizon  to  as  much  as  80  percent  in  the  Lower  Cl  horizon.   Lime 
coating  occurs  on  rock  fragments  in  places  but  the  loam  matrix  is  noncalcareous .   The  underlying 
shale  is  noncalcareous  in  some  pedons.   The  Al  horizon  has  hue  of  7. SYR  through  10R,  value  of 
4  or  5  dry,  and  chroma  of  2  or  3  moist.   Mean  annual  soil  temperature  ranges  from  44°  to  47°F. 
Average  summer  soil  temperature  ranges  from  60°  to  64°F. 

Competing  Series  and  their  l)i t fe run tiae :   These  are  the  Castner,  Cathedral,  Comodore,  Maginnis, 
and  Wibaux  soils.   All  of  these  soils  except  Wibaux  have  a  lilhic  contact  at  depths  ol  20  inches 
or  less.   Also,  Castner  soils  have  a  Cca  horizon  and  Maginnis  soils  have  2.5Y  or  10YR  hue  and 
have  clay  texture.   Wibaux  soils  lack  inollic  epipedons,  are  usually  dry,  and  have  mean  annual 
soil  temperature  of  about  47°l". 

Setting:   Ringling  soils  arc  on  strongly  rolling  or  steeply  sloping  uplands.   They  formed  in 
residuum  weathered  from  hard  red  baked  shale  or  porceLlanite  rocks  in  areas  having  1  j  to  In  inches 
mean  annual  precipitation  with  mean  annual  soil  temperature  ranging  from  44°  to  4(>"K.  and  mean 
summer  soil  temperature  higher  than  60°K. 

Principal  Associated  Soils:   These  arc  the  Barvon,  Bit terroot ,  Danvers,  and  Judith  soils.   Barvon 
and  Bitterroot  soils  have  mollic  epipedons  and  paraiithic  contacts.   Danvers  and  Judith  soils 
are  very  deep  soils  on  old  alluvial  deposits. 

Drainage  and  Permeability:   Well-drained;  rapid  permeability . 

Use  and  Vegetation:   Ringling  soils  are  used  entirely  for  range.   Native  vegetation  is  blue-bunch 
wheatgrass,  Idaho  fescue,  Sandberg  bluegrass,  and  annuals  with  scattered  to  dense  stands  of  western 
yellow  pine. 

Distribution  and  Extent:   Ringling  soils  are  widely  distributed  on  the  higher  elevations  of  the 
residual  shale  plains  in  southeastern  Montana.   I'hey  are  moderately  extensive. 

Series  Established:   Reconnaissance  Soil  Survey  of  Central  Montana,  llJ4h. 

Remarks :   The  Ringling  soils  were  formerly  classified  as  Lithosols. 
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THURLOW  SERIES 


The  Thurlow  series    is   a  member  of   the    fine,    montmorilloni tic,    mesic   family   of   Ustollic 
Haplargids.      Typically,   Thurlow  soils  have   grayish  brown   loam  Al  horizons,   brown   clay   loam 
B2t   horizons  with   the   maximum  amount   of   clay   in   the   upper  part   and  light  yellowish  brown 
calcareous    clay    loara  C  horizons  with  slight   amount   of   segregated  lime   in   the   Cca  horizons. 

Typifying   Pedon:      Thurlow    clay   loara  -   native   grass   cover 

(Colors   are   for  dry   soil   unless   otherwise  noted.) 

AJ.  0-4" — Grayish  brown    (10YR  5/2)    heavy    loam,    dark   grayish  brown   (10YR  4/2)    moist; 

weak    thin   platy   structure    in    the   upper   part    and   moderate    thin   structure    in    the 
lower   part;    slightly   hard,    friable,    slightly    sticky,    slightly    plastic;    many 
very    fine    roots;    many    clear   unstained   sand   grains   on   tops   of    plates;    clear   smooth 
boundary.       (2    to    6    inches    thick) 

B2t  4-16" — Brown    (10YR  5/3)    heavy    clay    loam,    dark   brown    (10YR  4/3)    moist;    dark    grayish 

brown    (10YR  4/2)    coating   on   peds  ,    dark   brown    ( 10Y R    3/3)    moist;    moderate    medium 
prismatic   structure    that    separates    to    strong   medium  blocks;    very   hard,     firm, 
sticky,    plastic;    common    very    fine    roots;    many    very    fine   and   common    fine    tubular 
pores;    varnish-Like    coating   on   peds    and   on   walls    of   pores   and    root    channels, 
with   some    pores    having    rounded   edges;    maximum   clay    content    is    in   the    upper   part 
of    the   horizon;    clear  boundary.       (6    to    16    inches    thick) 

Clca  16-28"— Light   yellowish   brown    (2.5Y    6/3)    clay    loam,    light   olive   brown    (2.5Y    5/3) 

moist;    prisms    coated   slightly    darker    in    the    upper   part;    moderate    medium   prismatic 
grading    to  weak    coarse    prismatic   structure    that    separates    to   weak    coarse   blocks; 
hard,    friable,    sticky,    plastic;    common    very    fine    roots;    common    very  -fine    and 
fine    tubular   pores;    calcareous   with    common    films    of   segregated    lime;    gradual 
boundary.       (8    to    20    inches    thick) 

C2  28-60" — Light   yellowish   brown    (2.5Y    6/3)    stratified    clay    loam   and    clay,    light    olive 

brown    (2.5Y   5/3)    moist;    massive;    hard,    friable,    sticky   plastic;    few   very    fine 
roots;    common   very    fine    tubular   pores;    calcareous. 

Type    Location:      Yellowstone    County,    Montana;    1,200    feet   north   of   SE   corner   section    19,    T.2N., 
R.28E. 

Range    in   Characteristics:      Thurlow    soils    are    usually    dry   when   not    frozen    unless    irrigated 
and   they   have    mean    annual    soil    temperature   of    47°    to    50°F.      The   nonclacareous    part    of    the 
solum   is    10    to   20    inches    thick.      Hue    is    10YR  or    2 .  5Y .      The   Al   or   Ap   horizon   has    value    of 
5   or   5.5    dry    and    3.5    or   4    moist,    and    chroma   of    2    or    3.       In    its    upper    part    coated    colors 
are   one    unit   of   value    less    than  when   crushed   and    less    than    that    of    the   Al    or   Ap   horizon. 
The    B2t    horizon   has    dry   value    of    4    or    5    coated   and    5   or   6    crushed,    moist    value    of    4    or 
5    crushed   and   chroma   of    2    through    4.       It    contains    35    to    45    percent    clay    and   has    6    to    LQ 
percent    more    clay    than    the    Ap    or   Al   horizon    and    is   highest    in    clay    in    the    upper   part. 

Competing   Series    and    their    Differentiae:      These   are    the   Baca,    Bew,    Fort    Collins,    Hesper, 
and    Renohill   series.      Baca    and   Hesper   soils    have    less    than    18   percent    fine    and    coarser 
sand    in    their   pedons .      Bew   soils    have    50    to    60    percent    clay    in    their   Bt   horizons.       Fort 
Collins    soils    have    less    than    35    percent    clay    in    the    B2t   horizon.      Renohill   soils    have    shale 
bedrock    at    depths    of    about    30    inches. 

Setting :      The   Thurlow   soils    are    mainly    Ln    vaLleys    on    river   and   stream   terraces.      The   soils 
formed    in    calcareous,    clay    loam,    unconsolidated   materials.      Climate    is    cool    semiarid  with    mean 
annual    temperature    of    45°    to    48°F. ,    mean    summer    temperature    of    more    than    62CF.    pi&an  winter 
temperature    20°    to    28°F.       Mean    annual    precipitation    is    L0    to    1J    inches. 

Principal    Associated   Soils:      These    are    the    Arvada,    and   Hydro   soils    and    the    competing    Bew 
and    Fort    Collins   soils.      Arvada   and    Hydro   soils    have    natric   horizons. 

Drainage    and   Permeability:      Well-drained;    moderately    permeable. 

Use    and   Vegetation:      Used    mainly    for    irrigated   production   of    diversified    crops,    nonirrigated 
production    of   small    grains    and   native    range    of    mid    and   short    grasses — mainly    blue    grama 
and  western  wheatgrass. 
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Thurlow  Series 

Distribution   and  Extent:      Thurlow  series    is   moderately   extensive   in  southeastern   Montana. 

Series   Established:      Big  Horn   County    (Big  Horn  Area),   Montana,    1970. 

Remarks:      Thurlow   soils   were    formerly    classified   as   Brown   soils. 
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VONA  SERIES 

The  Vona  series   is    a  member  of  the   coarse-loamy,    mixed,   meslc   family  of   Ustolllc  Haplarglds.      Typically, 
Vona  soils   have   very   friable  granular  A  horizons,   moderately   coarse   textured  B2t   horizons,    and 
weik   to   moderate  horizons   of  secondary   calcium  carbonate   accumulation. 

Typifying  Pedon:      Vona   fine  sandy   loam  -   range 

(Colors    are   for  dry   soil   unless  otherwise  noted.) 

Al  0-5" — Light  brownish  gray    (10YR  6/2)    light  sandy   loam,    dark,   grayish  brown    (10YR  4/2)    moist; 

moderate    fine   granular   structure;   soft,    very    friable;   neutral    (pH   7.0);    clear  smooch 
boundary.      (4   to   8  inches    thick) 

A3  5-8" — Brown   (10YR  5/3)    light  sandy   loam,   brown  or  dark,  brown   (10YR  4/3)    moist; 

weak   medium  subangular  blocky  structure   that    parts    to  moderate   medium  granules;   slightly 
hard,    very   friable;   neutral    (pH   7.0);    clear  smooth  boundary.      (3   to   4   inches   thick) 

B2t  8-24" — Brown   (10YR  5/3)    sandy   loam,    dark  brown    (10YR  4/3)    moist;   weak  very   coarse  prismatic 

structure   parting  to  moderate   coarse  subangular  blocks;   hard,    friable,    thin  patchy   clay 
films   on  both  horizontal   and  vertical    faces   of   peds ,    and   clay  bridging  between  sand 
grains;   neutral    (pH   7.2);    clear  smooth  boundary.      (5   to  22    inches   thick) 

B3ca  24-30" — Pale  brown   (10YR  6/3)    light  sandy    loam,   brown   (10YR  5/3)    moist;   weak   and  moderate 

coarse   subangular  blocky   structure;    slightly  hard,    very    friable;    few  thin  patchy  clay 
films    and  a  small  amount   of   clay  bridging  between  sand  grains;   some   visible  secondary 
calcium  carbonate  occurring  as   small   concretions;    calcareous;    moderately   alkaline    (pH   8.2); 
gradual  wavy  boundary.      (3   to   6   inches    thick) 

Clca  30-50" — Very   pale  brown    (10YR   7/3)    light   sandy   loam,   brown   (10YR  5/3);   moist;    massive;    slightly 

hard,    very    friable;   some   visible   secondary   calcium  carbonate   occurring  as   small   concretions, 
and   in   thin  seams   and  streaks;   calcareous;    moderately   alkaline    (pH   8.2);    gradual  wavy 
boundary.      (6    to   20   inches    thick) 

C2ca  50-60" — Pale  brown    (10YR  6/3)    loamy   sand,   yellowish  brown   (10YR  5/4)    moist;    single   grained; 

slightly  hard   and  loose,    very    friable;    small   amount   of  secondary   calcium  carbonate  but 
less    than   in   the  horizon   above;    calcareous;    moderately   alkaline    (pH   8.2).      (Several    , 
feet    thick) 

Type   Location:      Morgan   County,   Colorado;    approximately   1,700    feet   south   and   1,000   feet  east  of 
the  northwest   corner  of  sec.    22,    T.5N.,    R.59W. 

Range    in  Characteristics:      Depth    to   calcareous   material    ranges    from   8   to   24   inches,    thickness  of 
solum   ranges    from  15   to   40   Inches.      Weighted   average   content   of  organic   carbon   in   the   upper   15   Inches 
exceeds    .5   percent   and   decreases    uniformly  with   depth.      Content    of   coarse    fragments    ranges    from 
0   to  \5   percent.      Mean   annual   soil    temperature    is   49    to   54   degrees    F.      The   A  horizon  has   hue   of 
2.5Y  or  10YR,    chroma  of  2   or   3,    and   value   of  5   or  6   dry   and   3   through    5   moist.      It    is   neutral    to 
mildly   alkaline    (pH  6.8   to    7.8).      Typically,    the  horizon  has    granular  or  crumb   structure   but   is 
single    grained   in  some   pedons .      It    is   soft    to   slightly  hard.      The   B2t   horizon   has   hue   of  .2.5Y  or 
10YR,    chroma  of   2    through   4,    and  value   of   5   or  6   dry  and  4   or   5   moist.       It   is   neutral   to   mildly 
alkaline    (pH   7.0   to    7.8).      This   horizon   is   typically   sandy   loam  with   clay   ranging   from  8   to   18 
percent,    silt    from  5   to   35   percent,    and   sand   from  52   to   85   percent   with   more    than   35   percent    fine 
sand  or  coarser.      The   C  horizon  has   hue   of   2.5Y  or   10YR.      It    is    moderately    to  strongly   alkaline 
(pH  8.0   to   8.6),    and   the   calcium   carbonate   equivalent    ranges    from  2    to    12   percent. 

Competing   Series   and   their  Differentiae:      These   are   Bijou,    Gilcrest,    Neesopah,  Palma,    and  Terry 

series.      Bijou  soils    lack   a  Cca  horizon.      Gilcrest  soils  have    15    to    30   percent  gravel   in   the  solum. 

Neesopah   soils   have   a  nitrogen  and   phosphate   enriched  man-made   Ap   horizon   more  than    7   inches    thick. 

Palma  soils   have   hue  of   7.5YR  or    redder.      Terry  soils  have   a   lithic   contact    at  depths   of  20   to   40 
inches. 

Setting:      The   Vona   soils    are   on    gently    to   moderately   sloping    uplands    frequently    paralleling   major 
river  channels.      Slope   gradient    ranges    from  0   to  about    12  percent.      The   soils    formed  in  eolian  or 
partly  wind   reworked  alluvial  parent  materials.     At   the  type    location   the  average   annual  precipitation 
la   14   Inches,    10   inches   of  which   falls   during   the  months  of  April   through  September.      The   average 
annual    temperature   is   50   degrees   F. ,    and   the  average  summer   temperature   is    70   degrees   F. 
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Von a  Series 

Principal  Appelated  Soils:      These   are   the   competing  Terry  soils  and   the  Otero,   Olney,    Valentine, 

and  Aacaloa  soils.      Ascalon  soils  have   a  mo 1 lie  eplpedon.      Olney  soils  have   a    fine-loamy   control 

section.      Otero  soils   lack  an  argillic  horixon.     Valentine  soils  have  sandy   control  sections   and 
lack  an  argillic  horizon. 

Drainage   and  Permeability:      Well   to  somewhat  excessively   drained;    slow   runoff;    rapid  permeability. 

Use  and  Vegetation:      These  soils   are   used  as   dry  and  irrigated  cropland,    as  well  as  native   pastureland. 
Native   vegetation  consists  of  short   and  tall  grass  associations. 

Distribution  and  Extent:      Eastern  Colorado,    southeastern  Wyoming  and   Montana.      The  series    is   extensive. 

Series    Established:     Washington  County   (Akron  Area),   Colorado,    1947. 

Remarks:      This  series   is  characterized  by  sample  S61-Colo-44-l-(l-6) . 

National   Cooperative   Soil  Survey 
U.    S.    A. 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 

PUMPKIN  CREEK 
INTERPRETIVE  RATINGS  FOR  SOIL  USES 


Table  61 
Sheet  1  of  2 


Map 
Symbol 
(SCS) 
(1) 


Soil  Name 
(2) 


Dryland 

Farming 

(3) 


Suitability 


Irrigation 


Topsoil 
(5) 


Sand/ 

Gravel 

(6) 


Road 
Fill 

(7) 


I  Range/ 
1  Wildlife 
(8) 


Degree  of  Limitation 


Location 
(9) 


Embankment  Location 
(10)       (11) 


Shallow 
Excavations 
(12) 


Building  Sites  I 
(13) 


Ab 

Arvada  - 
Bone,  0-4% 

Poor 

Poor 

Be 

Bew,  2-4% 

Fair 

Fair 

Bw 

Bew,  4-8% 

Fair 

Fair 

Ce 

Cushman- 
Elso,  4-8% 

Poor-Fair 

Fair 

Ch 

Cushman- 
Elso,  8-15% 

Poor-Fair 

Poor-Fair 

Ec 

Elso,  8-15% 

Poor 

Poor 

El 

Elso,  15-45% 

Poor 

Poor 

Fd 

Farland, 
2-4% 

Fair-Good 

Good 

Ga 

He 

Hk 
hn 
Ho 
Hp 
Hr 


Hy 


Fort  Collins,  Fair-Cood 
2-4% 


Galata,  4-8%  Poor-Fair 


Haver son 
0-2% 


Fair-Good 


Heldt,  2-4%   Fair-Good 
Hesper,  0-2%  Fair-Good 
Hesper,  2-4%  Fair-Good 
Hesper,  4-8%  Fair-Good 
Hesper,  8-15%   Fair 

Hopley-        Fair 
Relan,  4-8% 

Hydro,  0-2%     Fair 
Hydro,  2-4%     Fair 


Hydro-        Poor-Fair 
Arvada,  2-8% 

Hydro-       Poor-Fair 
Elso,  8-15% 

Hydro-Fort    Fair-Good 
Collins,  0-2% 

McRae,  0-2%   Fair-Good 


McRae,  2-4%   Fair-Good 


Good 

Poor 
Good 

Fair 

Good 

Good 
Fair-Good 
Poor-Fair 

Fair 


Poor 

Poor 

Poor 

Poor 

Fair 

Poor 

Poor 

Poor 

Poor 

Poor 

Good 

Poor 

Poor 

Poor 

Good 

Poor 

Fair 

Poor 

Good 

Poor 

Good 

Poor 

Good 

Poor 

Good 

Poor 

Poor 

Poor 
Poor 
Poor 

Poor 

Poor 
Poor 
Poor 

Poor 

Poor 
Poor 

Fair 
Poor 
Poor 
Poor 
Poor 

Poor 


Good 

Good 
Good 
Good 

Good 

Good 
Good 
Good 

Good 

Good 
Good 

Good 
Good 
Good 
Good 
Good 

Good 


Slight 

Slight 
Slight 
Severe 


Severe 


Severe 


Severe 


Severe  Severe  Severe 
Severe  Severe  Severe 
Moderate   Moderate    Moderate 


Severe 

Severe 
Severe 
Severe 


Severe 

Moderate 

Moderate 

Moderate 

Severe 

Severe 

Moderate 

Moderate 

Mod-Sev. 

Severe 

Severe 

Moderate 

Severe 

Severe 

Severe 

Moderate 

Moderate 

Slight 

Slight 

Severe 

Slight 

Moderate 

Moderate 

Slight 

Severe 

Moderate 

Severe 

Severe 

Severe 

Severe 

Moderate 

Slight- 
Moderate 

Moderate 

Slight 

Severe 

Moderate 

Moderate 

Moderate 

Slight 

Mod-Sev 

Slight 

Moderate 

Moderate 

Slight 

Severe 

Slight 

Moderate 

Moderate 

Slight 

severe 

Slight 

Moderate 

Moderate 

Slight 

Severe 

Slight- 

Moderate 

Moderate 

Moderate 

Severe 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Severe 

Slight 

Moderate- 

Moderate- 

Slight 

Moderate- 

Severe 

Severe 

Severe 

Slight 

Moderate- 

Moderate- 

Slight 

Moderate 

Severe 

Severe 

Severe 

Slight 

Severe 

Moderate- 
Severe 

Moderate 

Severe 

Severe 

Moderate- 
Severe 

Moderate- 
Severe 

Moderate 

Severe 

Slight 

Moderate- 
Severe 

Moderate- 
Severe 

Slight 

Severe 

Moderate 

Moderate 

Slight- 
Moderate 

Slight 

Severe 

Moderate 

Moderate 

Slight- 
Moderate 

Slight 

Severe 

UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 

PUMPKIN  CREEK 
INTERPRETIVE  RATINGS  FOR  SOIL  USES 


Table  61 
Sheet  2  of  2 


1  Map 

Soil  Name 
(2) 

Suitability 

Degree  of  Limitation 

1  Symbol 

Dryland 

Farming 

(3) 

Irrigation 

Topsoil 
(5) 

Sand/ 

Gravel 
(6) 

Road 

Fill 

(7) 

!  Range/ 

Wildlife 
|   (8) 

Vonds 

Road 

Location 
(11) 

Shallow 
Excavations 
(12) 

(SCS) 
(1) 

Location 
(9) 

Embankment 
(10) 

Building  Sites 
(13) 

Midway,  2-8% 

Poor 

Poor 

Poor 

Poor 

Fair 

Good 

Severe 

Severe 

Severe 

Moderate 

Severe 

Midway-Elso 

Poor 

Poor 

Poor 

Poor 

Fair 

Good 

Severe 

Severe 

Severe 

Moderate- 

Severe 

8-35% 

Severe 

Midway-        Poor 
Rockland,  15-35% 

Midway-       Poor-Fair 
Thurlow,  8-15% 


Midway- 
Elso,  Rocky 
35-75% 

Poor 

Rapelje, 
2-8% 

Fair 

Relan-Cabba 
4-8% 

Fair 

Relan- 
Gravelly, 
4-8% 

Fair 

Remmit-Ocean 
Lake,  8-25% 

Poor-Fair 

Ringling,       Poor 
Slaty,  20-50% 


Ru 

Ringling-     Poor-Fair 

Relan,  6-25% 

Rt 

Ringling-       Poor 

Cabba,  15-50% 

Tm 

Thurlow,  2-4%  Fair-Good 

To 

Thurlow,  4-8%  Fair-Good 

Tr 

Thurlow,  8-15%  Fair 

Vo 

Vananda        Poor 

Clay,  2-4% 

Vr 

Vona-      i    Fair 

Remmi  t , 

4-8% 

Poor 


Good 


Poor    Poor 


Poor    Poor 


Poor    Poor 


Severe     Severe      Severe      Severe 


Severe     Severe 


Good 


Severe     Severe 


Severe 


Severe 


Poor    Fair 


Good 


Severe 


Fair       Poor    Poor      Good      Moderate   Moderate    Moderate    Slight        Severe 
Fair       Poor    Poor      Good      Severe     Moderate    Moderate    Moderate      Severe 


Severe     Moderate    Moderate    Moderate      Moderate 


Poor-Fair 

Poor 

Poor 

Poor 

Good 

Severe 

Moderate 

Moderate- 
Severe 

Moderate- 
Severe 

Moderate- 
Severe 

Poor 

Poor 

Fair 

Good 

Good 

Severe 

Moderate 

Severe 

Severe 

Severe 

Poor-Fair 

Poor 

Fair 

Good 

Good 

Severe 

Moderate 

Moderate- 
Severe 

Moderate- 
Severe 

Moderate 
Severe 

Poor 

Poor 

Poor 

Fair 

Good 

Severe 

Moderate 

Severe 

Severe 

Severe 

Good 

Good 

Poor 

Poor 

Good 

Slight 

Moderate 

Moderate 

Moderate 

Severe 

Fair-Good 

Good 

Poor 

Poor 

Good 

Slight 

Moderate 

Moderate 

Moderate 

Severe 

Poor-Fair 

Good 

Poor 

Poor 

Good 

Moderate 

Moderate 

Moderate 

Moderate 

Severe 

Poor 

Poor 

Poor 

Poor 

Good 

Slight 

Severe 

Severe 

Severe 

Severe 

Fair 

Fair 

Poor 

Poor 

Good 

Moderate 

Moderate 

Slight- 

Slight 

Severe 

UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 

PUMPKIN  CREEK 
ENGINEERING  PROPERTIES  OF  SOILS 
MEASUREMENTS  AND  INTERPRETATIONS 


Table  62 
Sheet  1  of  2 


Map 
Symbol 
(SC5) 
(1) 

Soil  Name 
(2) 

Depth  From 
Surface  of 
Typical  Profile 
(inches) 

De 

pth  To 

Hydrological 
Soil  Group 
(6) 

Shrink- 
Swell 
Potential 
(7) 

Corrosivity 

Classification 

Coarse 
Fracti  on 
(13)  . 

Hard 

Bedrock 

Seasonal  High 
Water  Table 
(inches) 
<5) 

Uncoated 

Steel     Concrete 
(8)      (9) 

USDA  Text.   Unified   AASHO 
(10)        (11)      (12) 

Ab 

Arvada-Bone 
0-4% 

0-17 

>60 

None 

Be 

Bew  2-4% 

0-60 

>60 

None 

Bw 

Bew  4-8% 

0-60 

>60 

None 

Ce 

Cushman- 
Elso  4-8% 

0-26 

20- 

40 

None 

Ch 

Cushman- 
Elso  8-15% 

20-26 

20- 

40 

None 

F.c 

Elso  S1L 
8-15% 

0-20 

<20 

None 

El 

Elso  SiL 
15-45% 

0-20 

<20 

None 

Fd 

Farland  SiL 
2-4% 

0-72 

>60 

None 

Fr 

Fort  Collins 

2-4% 

0-60 

>70 

None 

Ga 

Galata  4-8% 

0-42 

>40 

None 

He 

Haverson 

0-60 

>60 

None 

Hk 

Heldt  2-4% 

0-44 

>60 

None 

Hn 

Hesper  0-2% 

0-60 

>60 

None 

Ho 

Hesper  2-4% 

0-60 

>60 

None 

HP 

Hesper  4-8% 

0-60 

>60 

None 

Hr 

Hesper  8-15% 

0-60 

>60 

None 

Hs 

Hopley- 
Relan  4-8% 

26-60 

42- 

60 

None 

Ht 

Hydro  0-2% 

0-42 

>60 

None 

Hu 

Hydro  2-4% 

0-42 

>60 

None 

Hw 

Hydro- 
Arvada  2-8% 

17-42 

>60 

None 

Hx 

Hydro-Elso 
8-15% 

0-20 

20- 

60 

None 

High       High  Mod. 

High       Hiph  Low 

High       High  Low 

Low  Mod -High  Low 

Low-Mod,  Mod-High  Low 

Low  Mod-High  Low 

Low  Mod-High  Low 

Low-Mod        Low  Low 


High 

High 

Low-M 

-Mod 

High 

Low-M 

Mod 

Mod-High 

Low 

Mod 

Mod. 

Low 

Mod 

Mod. 

Low 

Mod 

Mod. 

Low 

Mod 

Mod. 

Low 

Low 


Low 


Low 

Mod-High  High     Mod 

Mod-High  High     Mod 

High  High     Mod 

Low-Mod  Mod-High  Low-Mod 


SiC-C 

CH 

A- 7 

None 

SiC-C 

CH 

A- 7 

None 

L-CL 

CL 

A-6 

None 

SiL-CL 

CL- 

ML 

A-4 
A-6 

None 

SiL-SiCL     ML 


SiC-C 
L-SiCL 

SiCL 

SiL-SiCL 

SiL-SiCL 

SiL-SiCL 

SiL-SiCL 

L-SiL 


CH 
ML-CL 

CL 
CL 
CL 
CL 
CL 

ML 


A-4 
A-6 

A-6 

A-6 

A-6 

A-6 

A-6 

A-4 


SiCL  CL  A-6 

SiCL  CL  A-6 

S1CL-C  CH  A-7 

SiL-SiCL  CL-ML  A4-A6 


None 

None 
None 

None 
None 
None 
None 
None 

5-10 

None 
None 
None 

None 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
BUREAU  OF  LAND  MANAGEMENT 


Table  62 
Sheet  2  of  2 


PUMPKIN  CREEK 
ENGINEERING  PROPERTIES  OF  SOILS 
MEASUREMENTS  AND  INTERPRETATIONS 


Map 
Symbol 
(SCS) 
(1) 

Soil  Name 
(2) 

Depth   From 
Surface  of 
Typical   Profile 
(inches) 
(3) 

Depth   To 

Hydrological 
Soil   Group 
(6) 

Shrink- 
Swell 
Potential 
(7) 

Corrosivity 

Classif icati 

on 

Coarse 
Fraction 
(13) 

Hard 
Bedrock 
(4) 

Seasonal   High 
Water  Table 
(inches) 
(5) 

Uncoated 

Steel        Concrete 
(8)             (9) 

USDA  Text . 
(10) 

Unified 
(11) 

AASHO 
(12) 

Hy 

Hydro- 

F.    Collins  0 

42-60 
-2% 

>60 

None 

C 

Mod. 

Mod-High 

Low-Mod . 

SiL-SiCL 

.    CL 

A- 6 

None 

Mc 

McRae    1-2% 

0-65 

>60 

None 

C 

Low 

Mod-High 

Low-Mod . 

SiL-CL 

ML 

A- 4 

None 

Md 

McRae   2-4% 

0-65 

>60 

None 

C 

Low 

Mod -High 

Low-Mod . 

SiL-CL 

ML 

A- 4 

None 

Mf 

Midway   2-8% 

0-7 

<20 

None 

c 

High 

High 

Low-Mod . 

CL 

CL 

A-6 

None 

Mg 

Midway- 
Elso   8-35% 

7-20 

<20 

None 

c 

Low-High 

Mod-High 

Low-Mod . 

SiL-CL 

ML- 

CL 

A4-A6 

None 

Mr 

Midway- 
Rockland   15- 

0-7 
J5% 

<20 

None 

c 

High 

High 

Mod. 

CL 

CL 

A-6 

None 

Mt 

Midway- 
Thurlow   8-15! 

7-60 

1 

20- 

60 

None 

c 

Mod-High 

High-Mod. 

Low-Mod . 

S1CL-S1C 

CL 

A-6 

None 

Mu 

Midway- 
Elso   35-75% 

7-20 

<20 

None 

c 

Low-High 

Mod-High 

Low-Mod . 

SiL-CL 

ML- 

CL 

A4-A6 

None 

Re 

Rapelje   2-8% 

0-26 

>60 

None 

c 

Mod. 

Mod. 

Low 

SiCL 

CL 

A-6 

None 

Rh 

Relan- 
Cabba  4-8% 

16-26 

20- 

60 

None 

c 

Low 

Low 

Low 

L-SiL 

ML 

A- 4 

5-10 

Rk 

Relan- 
Gravely  4-8% 

0-14 

>60 

None 

B 

Low 

Low 

Low 

Gr.L. 

GM 

A-4 

20-40 

Ro 

Remmit-Ocean 
Lake   b-25% 

15-42 

20- 

60 

None 

B 

Low 

Low 

Low 

FSL 

SM 

A2-A4 

None 

Rs 

Ringling 
Slaty  20-25% 

0-16 

<20 

None 

B 

Low 

Low 

Low 

Slaty  L 

GM 

A- 2 

55 

Ru 

Ringling- 
Relan  6-25% 

14-16 

20- 

60 

None 

B 

Low 

Low 

Low 

L-Slaty  L 

ML- 

GM 

A2-A4 

5-55 

Rt 

Ringling- 
Cabba   15-50% 

20 

0-16 

None 

B-C 

Low 

Low 

Low 

GrL-SiL 

GM- 

ML 

A2-A4 

55 

Tm 

Thurlow  SiCL 
2-4% 

*          0-60 

>60 

None 

C 

Mod. 

Mod. 

Low 

SiCL-SiC 

CL 

A-6 

None 

To 

Thurlow  SICL 
4-8% 

0-60 

>60 

None 

C 

Mod. 

Mod. 

Low 

SiCL-SIC 

CL 

A-6 

None 

Tr 

Thurlow   SiCL 
8-15% 

0-60 

>60 

None 

C 

Mod. 

Mod. 

Low 

SiCL-SiC 

CL 

A-6 

None 

Vo 

Vananda  Clay 

0-60 

>60 

None 

D 

High 

High 

Mod. 

C 

CH 

A- 7 

None 

Vr 

Vona-Remmit 
FSL  4-8% 

42-60 

>60 

None 

B 

Low 

Low 

Low 

FSL 

SM 

A-4 

None 

Exhibit  1 
Sheet  1  of  4 


SCREENABLE  SOIL  CHARACTERIZATION 
AS  RELATED  TO 
LAND  RECLAMATION 

By 
William  B.  Peters,  Luvern  L.  Resler,  and  Robert  Vader  1/ 


Soil  is  characterized  by  laboratory  methods  to  confirm  judgment  in  field 
appraisals.   There  is  a  tendency  among  most  laboratory  activities  to 
"over  test";  i.e.,  perform  too  many  or  unnecessary  tests  on  certain 
soils  at  the  expense  of  not  performing  essential  or  critical  testing  on 
particular  samples.   Also,  laboratory  activities  tend  to  emphasize  com- 
prehensive analyses  of  samples  from  master  sites  and  neglect  selection, 
sequence,  and  quality  control  in  mass  testing  performed  on  a  screenable 
basis.   The  latter-type  testing  is  frequently  handled  as  routine  work 
utilizing  the  least  dependable  personnel  and  considered  not  worthy  of 
competent  and  close  supervision.   Thus,  too  often  the  screenable  labo- 
ratory testing  becomes  a  liability  rather  than  an  asset  in  supporting 
land  classification  surveys.   Because  the  screenable  testing  represents 
coverage  of  areas  involving  a  high  sampling  density,  it  serves  as  an 
extremely  important  input  into  land  categorization.   Therefore,  it 
should  be  administered  for  performance  with  respect  to  both  quality  and 
quantity  commensurate  with  the  goals  and  objectives  of  the  investigation. 

The  objective  of  characterizing  soil  and  overburden  will  be  to  support 
judgment  in  estimating  land  reclamation  potential.   (Overburden  refers 
to  the  material  consolidated  or  unconsolidated  overlying  minable  resources 
in  relation  to  surface  mining.)   Thus,  the  laboratory  analyses  must  be 
performed  on  an  action  program  basis  and  serve  a  practical  purpose. 
Therefore,  it  is  essential  the  physical  and  chemical  characteristics  of 
the  soil  and  overburden  be  appraised  in  relation  to  edaphology;  i.e., 
a  medium  suitable  for  the  support  of  plant  growth,  rather  than  pedology. 

Because  the  laboratory  studies  should  serve  to  support  field  appraisals, 
all  laboratory  work  should  be  closely  coordinated  with  fieldwork.   For 
full  effectiveness,  laboratory  studies  must  be  preceded  by  field  studies. 
The  number  and  type  of  studies  will  be  determined  by  area  conditions  - 
particularly  variability,  the  controlling  project  specifications,  and 
needs.   There  should  be  a  joint  plan  between  field  and  laboratory  inves- 
tigations prior  to  taking  of  samples  if  maximum  utilization  of  data  is 


1/   Head  and  Soil  Scientists,  respectively,  Land  Utilization  Section, 
Resource  Analysis  Branch,  Division  of  Planning  Coordination,  U.S. 
Department  of  the  Interior,  Bureau  of  Reclamation,  Denver,  Colorado,  U.S.A. 
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to  be  obtained.   Problems  should  be  studied  rather  than  standard  or 
routine  tests  made  [Kellogg,  1962]. 

In  submitting  soil  samples  for  laboratory  characterizations,  the  labo- 
ratory should  be  furnished  with  pertinent  field  appraisals  along  with 
the  tentative  land  utilization  and  quality  designation.   The  soil  and 
subsoil  samples  should  represent  genetic  horizons  with  no  more  than 
60-cm  depth  per  sample.   Substrata  samples  should  represent  uniform 
overburden  with  no  more  than  200  cm  per  sample  unless  drill  hole  diam- 
eters preclude  obtaining  sufficient  material  for  laboratory  and  green- 
house studies. 

The  first  priority  in  laboratory  characterization  should  be  accomplished 
by  direct  and  indirect  measurements  for  evaluating  soil  structure  and 
its  stability,  soil-cation-exchange  capacity  or  surface  area,  and  soil 
reaction.   After  this  is  accomplished,  then  consideration  should  be  given 
to  testing  that  confirms,  explains  the  causes  of  phenomena  previously 
observed  or  predicted,  reveals  the  presence  of  toxic  elements  (salinity 
level,  boron  content,  alkali,  acidity,  reduction  products,  etc.),  and 
indicates  what  and  how  much  is  required  to  cope  with  the  soil  deficiency 
under  eventual  field  conditions  and  the  moisture  regimen  expected  to 
prevail  {Peters,  1965] . 

Based  on  present  knowledge  of  the  area,  the  support  characterizations 
should  include  field  measurements  for  water  movement  and  retention  in 
soil  and  laboratory  determinations  for  structure  stability  [Gardner, 
1945]  through  measurements  of  floe  volume  and  hydraulic  conductivity  of 
fragmented  samples:  moisture  retentivity  at  15-bars  pressure;  soil 
reaction  by  measurement  of  pH  in  water  and  neutral  salt  solution;  soil 
salinity  by  measurement  of  specific  electrical  conductance  of  soil-water 
extract's;  soil  solution  concentration  and  composition  including  sodium 
and  calcium  plus  magnesium;  cation  exchange  capacity;  exchangeable  cation 
status;  residual  gypsum;  gypsum  requirement;  acid  soluble  carbonates; 
and  others. 

Samples  collected  in  a  reduced  state  may  be  alkaline  or  neutral  while 
reduced,  but  acid  when  oxidized.   Therefore,  we  should  be  on  the  "look- 
out" for  such  conditions  and  characteristics  and  assure  reduced  material 
is  also  analyzed  in  an  aerated  condition.   Samples  exhibiting  acidity 
upon  oxidation  should  be  further  analyzed  to  ascertain  reduction  prod- 
ucts associated  with  the  observed  phenomenon. 

Should  conventional  acidity;  i.e.,  other  than  oxidation  product,  be 
encountered,  the  testing  will  be  expanded  to  include  acidity  by  measure- 
ment of  neutral  salt  exchange  acidity  including  aluminum,  titratable 
acidity  (amount  of  acidity  neutralized  at  a  selected  pH) ,  and  soluble 
aluminum. 
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In  screenable  testing,  the  characterization  for  moisture  retentivity  at 
pressures  less  than  15  bars  is  not  recommended  unless  a  suitable  use  can 
be  established.   Measurements  of  moisture  retentivity  at  15-bars  pressure 
are  recommended  because  water  content  at  this  potential  is  usually  cor- 
related with  several  characteristics  including  amount  and  kind  of  clay, 
surface  area,  and  cation  exchange  capacity.   Moisture  percentages  at 
this  potential  would  probably  not  be  applicable  in  simulating  water 
content  at  wilting  for  native  vegetation. 

In  initial  screening,  diluted  soil-water  suspensions  may  be  substituted 
for  the  time-consuming,  saturated  soil  extracts  in  measuring  electrical 
conductance  provided  limitations  are  ascertained.   The  reliability  of 
higher  moisture  contents  even  as  a  tool  in  screening  depends  on  the  kind 
of  salts  present.   For  chloride  salts,  the  results  will  be  only  slightly 
affected  by  the  moisture  content,  but  if  sulfate  or  carbonate  salts" 
which  have  relatively  low  solubility,  are  present  in  appreciable  quan- 
tities, the  apparent  amount  of  soluble  salt  will  depend  on  the  soil-water 
ratio  [Richards,  1954].  % 

We  do  not  concur  in  the  practice  of  characterizing  vast  numbers  of  sam- 
ples for  textural  class  through  measurements  of  particle-size  distribu- 
tion.  This  blanket  laboratory  analysis  for  soil  textural  class  is 
neither  required  nor  desired.   Particle-size  analysis  should  be  limited 
to  master  site  characterization,  the  occasional  confirmation  of  field 
textural  appraisals,  and  the  training  of  new  employees. 

In  the  screenable  characterization  of  samples,  a  procedure  for  the 
sequence  of  testing  and  screening  of  samples  should  encompass  the  fol- 
lowing phases.   Under  Phase  I  of  the  scheme,  all  samples  would  be  char- 
acterized for  (1)  soil  structure  stability  through  measurement  of 
hydraulic  conductivity  on  a  fragmented  sample  basis  during  the  6th  and 
24th  hours  and  volume  of  wet  settled  floccules,  (2)  moisture  retentivity 
at  15-bars  pressure,  (3)  electrical  conductivity  of  soil-water  extract, 
and  (4)  pH  in  water  and  in  0.01  molar  calcium  chloride  solution. 

In  the  second  phase,  selected  samples  suspected  through  the  testing 
results  of  Phase  1  to  be  salt  affected  should  be  characterized  for 
electrical  conductivity  of  the  saturation  extract  and  sodium  adsorption 
ratio. 

In  the  third  phase,  selected  samples  suspected  through  the  testing 
results  of  Phases  I  and  II  to  be  salt  affected  with  respect  to  sodium 
will  be  tested  for  either  gypsum  requirement  or  residual  gypsum,  depend- 
ing on  salinity  levels  and  associated  pH  values.   Residual  gypsum  will 
be  estimated  by  measuring  calcium  plus  magnesium  in  a  1:5  soil-water 
ratio  extract  and  reported  in  milliequivalents  per  100  grams. 
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In  the  fourth  phase,  selected  samples  suspected  through  testing  results 
of  Phase  I  to  be  highly  acid  and  low  in  base  saturation  and  nonsaline 
should  be  further  characterized  for  bases  specifically  sodium  and  calcium 
plus  magnesium  and  acidity  including  the  aluminum  component  extractable 
with  a  neutral  salt;  i.e.,  1.0N  potassium  chloride.   This  will  enable 
computation  of  effective  soil-cation-exchange  capacity;  i.e.,  CEC  at 
soil  pH  and  the  exchangeable  aluminum  percentage  of  this  CEC. 

In  the  fifth  phase,  selected  samples  having  been  characterized  during 
Phases  I,  II,  and  IV  to  be  saline  acid  would  be  characterized  for  soluble 
aluminum. 

The  above-described  characterization  program  would  not  preclude  testing 
on  a  "complete  analysis"  basis  on  samples  from  master  sites. 
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Soils  &  Water  Laboratory  Procedures  and  References 
I.   Soil  Characterization 

A.  Physical  Properties  of  Soils 

1.  Disturbed  Hydraulic  Conductivity  is  determined  by  the  use  of 
plastic  tubes  (Richards,  et  al.,  1954,  Diagnosis  and  Improve- 
ments of  Saline  and  Alkali  Soils,  USDA  Agriculture  Handbook 
No.  60,  34b: 112-113). 

2.  Settling  Volume,  Imoff  Cones,  (Series  510  Land  Classification 
Techniques  and  Standards   517.5.7). 

3.  Particle  Size  Analyses  are  determined  by  pipeting  and  analysis 
(Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of  Saline 
and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  41:122-123). 

4.  Particle  Density,  (C.A.  Black,  et  al . ,  Methods  of  Soil  Analysis 
Partz,  Agronomy  No.  9,  American  Society  of  Agronomy,  29:371-373), 
(Richards,  et  al . ,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  39:122). 

5.  Bulk  Density,  (C.A.  Black,  et  al . ,  Methods  of  Soil  Analysis 

Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy,  30-1:374-390). 
(Richards,  et  al . ,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  38:121-122). 

6.  Moisture  Retention  in  Laboratory  is  determined  by  ceramic  plates 
(Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of  Saline  and 
Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,  29,  30  and 
31:109-110). 

7.  Field  Capacity  -  field  determination. 

8.  Water  holding  capacity,  determined  by  calculation,  field  capacity  - 
wilting  point  x  bulk  density  x  48  inches  =  water  holding  capacity 
per  48  inches  of  soil. 

B.  Soluble  Cations  and  Anions 

1.   Carbonates  and  bicarbonates  are  determined  with  authomated  Fisher 
titralyzer  II  by  acid  titration  and  chlorides  are  determined  with 
automated  Fisher  titralyzer  II,  Specific  Ion  (Richards,  et  al . , 
1954,  Diagnosos  and  Improvement  of  Saline  and  Alkali  Soils,  USDA 
Agriculture  Handbook  No.  60,  82:145-146  and  84:146),  (C.A.  Black, 
et  al.,  Methods  of  Soil  Analysis,  Part  2,  Agronomy  No.  9,  American 
Society  of  Agronomy  62-3.4.1:945-947  and  62-3.5.1:947-948), 
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(M.J.  Taras,  et  al . ,  Standard  Methods  for  the  Examination  of 
Water  and  Wasteway,  Thirteenth  Edition,  for  carbonate  and  bi- 
carbonate only  102:52-56) ,  "ftBear,  et  al.,  Chemical  of  Soils,  1964), 
and  (Brown,  Skougstad  and  Fishman,  Techniques  of  Water  Resources 
Investigation  of  USGS,  Chapter  Al,  "Methods  for  Collection  and 
Analysis  of  Water  Samples  for  Dissolved  Minerals  and  Gases," 
Book  5  -  Laboratory  analysis  for  chloride  only,  p.  69). 

2.  Phosphorus  soluble  in  sodium  bicarbonate  and  Automated  Ascorbic 
Acid  (C.A.  Black,  et  al . ,  Methods  of  Soil  Analysis,  Part  2, 
Agronomy  No.  9,  American  Society  of  Agronomy  73-4.4:1044-1049), 
(EPA  Methods  for  Chemical  Analysis  of  Water  and  Wastes,  1979 
EPA-600  4-79-020,  365.1:365.1-1-365.1-9). 

3.  Nitrate-Nitrite  are  determined  by  phenoldsulfonic  acid  and 
by  Automated  cadmium  reduction  (Richards-et  al . ,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA 
Agriculture  Handbook  No.  60,  Part  2,  Agronomy  No.  9,  American 
Society  of  Agronomy  84.5.3:1216-1219)  and  (M.J.  Taras,  et  al., 
Standard  Methods  for  the  Examination  of  Water  and  Wasteway, 
1971  Thirteenth  Edition,  133:233-237)  Methods  for  Chemical 
Analysis  of  Water  and  Wastes,  1979  EPA-600  4-79-020, 
353.2:353.2-1-353.2-7. 

4.  Sulfate  are  determined  by  Automated  Methyl  Thymol  Blue  and 
turbidimetric,  (EPA  Methods  for  Chemical  Analysis  of  Water 
and  Wastes,  1979  EPA-600  4-79-020,375.2:375.2-1-375.2-4), 
(M.J.  Taras,  et  al.,  Standard  Methods  for  the  Examination 

of  Water  and  Wasteway,  1971  Thirteenth  Edition,  156C:   334-336). 

5.  Sodium,  Potassium,  Calcium  and  Mangesium  are  determined  by 
Automated  atomic  absorption  (Perkin-Elmer ,  Analytical  Method 

1   for  Atomic  Absorption  Spectrophotometry,  1973),  and  (Brown, 
Skougstad  and  Fishman,  Techniques  of  Water  Resources  Investi- 
gation of  USGS,  Chapter  Al ,  "Methods  of  Collection  and  Analysis 
of  Water  Samples  for  Dissolved  Minerals  and  Gases,"  Book  5  - 
Laboratory  Analysis,  66,  109,  133  and  143). 

Trace  Metals 

1.   Trace  Metals  are  determined  by  atomic  absorption  with  by  flame 
or  graphite  furnace  (Perkin-Elmer,  Analytical  Method  for 
Atomic  Absorption  Spectrophotometry,  1973),  (Brown,  Skougstad 
and  Fishman,  Techniques  of  Water  Resources  Investigation  of 
USGS,  Chapter  Al,  "Methods  for  Collection  and  Analysis  of 
Water  Samples  for  Dissolved  Minerals  and  Gases",  Book  5  - 
Laboratory  Analysis,  50-157)  and  (M.J.  Taras,  et  al . , 
Standard  Methods  for  the  Examination  of  Water  Wasteway,  1971 
Thirteen  Edition),  Methods  for  Chemical  Analysis  of  Water 
and  Wastes,  1979  EPA-600  4-79-020,  DTPA-TEA  extraction  for 
Cu,  Fe,  Mn,  and  Zn,  University  of  Montana,  Missoula,  Montana. 
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D.   Chemical  Soil  Characterization 

1.  pH  reading  of  1:5  Soil  Suspension  (Richards,  et  al.,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA 
Agriculture  Handbook  No.  60,  21b:102)  (C.A.  Black,  et  al., 
Methods  of  Soil  Analysis,  Part  2  Agronomy  No.  9,  American 
Society  of  Agronomy  60-3.4:922-923)  and  (Bear,  et  al., 
Chemical  of  Soils,  1964). 

2.  Reading  in  CaCl2  Solution  (C.A.  Black,  et  al.,  Methods  of 
Soil  Analysis,  Part  2,  Agronomy  No.  9,  American  Society  of 
Agronomy  60-3.5:923). 

3.  Saturation  Extract  taken  from  saturation  soil  paste  using 
Bariod  filter  press  and  measuring  soluble  salts  by  use  of 
electrode  conductivity  bridge  (Richards,  et  al . ,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA 
Agriculture  Handbook  No.  6,  2  and  3:84-88,  27:107  and  4:89-90), 
C.A.  Black,  et  al.,  Methods  of  Soil  Analysis,  part  2,  Agronomy 
No.  9,  American  Society  of  Agronomy  62-1:933-988)  and 

(Bear,  et  al.,  Chemical  of  Soils,  1964). 

4.  Exchangeable  Sodium  and  Potassium  are  extracted'  by  ammonium 
acetate  solution.   Cation-Exchange  Capacity  determined  using 
Sodium  Acetate  as  index  ion  and  follow  with  Ammonium  Acetate 
(Richards,  et  al.,  1954,  Diagnosis  and  Improvement  of  Saline 
and  Alkali  Soils,  USDA  Agriculture  Handbook  No.  60,18:100-101 
and  19:101)  and  (C.A.  Black,  et  al.,  Methods  of  Soil  Analysis, 
Part  2,  Agronomy  No.  9,  American  Society  of  Agronomy  72-3:1033, 
72-3.2.1:1033-1034  and  57-1:891-895). 

5.  Exchangeable  Sodiuin  Percentage  is  determined  by  calculation 
relationship  being  jt-q   x  100  (Richards,  et  al . ,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils,  USDA 
Agriculture  Handbook  No.  60,  20a: 101). 

6.  Gypsum  determined  by  increase  in  soluble  calcium  plus 
magnesium  content  upon  dilution  (Richards,  et  al. ,  1954, 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils, 
USDA  Agriculture  Handbook  No.  60,  22c: 104). 

7.  Gypsum  Requirement  (Richards,  et  al.,  1954,  Diagnosis  and 
Improvement  of  Saline  and  Alkali  Soils,  USDA  Agriculture 
Handbook  No.  60,  22d: 104-105) . 
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8.  Boron  was  determined  by  extraction  with  hot  water 
(C.A.  Black,  et  al.,  Methods  of  Soil  Analysis,  Part  3 
Agronomy  No.  9,  American  Society  of  Agronomy  75-4:1062-1063 
and  62-3.6  949-951). 

9.  Percent  Oranic  carbon  is  determined  by  Technicon  Auto 
Analyzer  II. 

10.  Total  Carbonates  express  as  %  calcium  carbonate,  acid- 
neutralization,  (C.A.  Black,  et  al.,  Methods  of  Soil 
Analysis  Part  2,  Agronomy  No.  9,  American  Society  of 
Agronomy,  91-4:1387-1388),  (Richards  et  al.,  1954 
Diagnosis  and  Improvement  of  Saline  and  Alkali  Soils 
USDA  Agriculture  Handbook  No.  60,  23c : 105-106) . 

11.  SAR  (sodium  absorption  ratio)  determined  by  calculation 
SAR  =  Na/  VCa  +  Mg/2 
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Exhibit  3  -  Erosion  Evaluations  (BLM  Form  7310-12)  Correlating  with  USBR 

Point  Site  Soil  Profile  Descriptions  (see  Tables  15  through  23, 
Appendix  D) 
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GLOSSARY 

Alluvium  -  A  general  term  for  clay,  silt,  sand,  gravel,  or  similar 

unconsolidated  detrital  material  deposited  by  a  stream  or  other  body 
of  running  water  as  a  sorted  or  semisorted  sediment  in  the  bed  of  the 
stream  or  on  its  flood  plain  or  delta,  or  as  a  cone  or  fan  at  the  base 
of  a  mountain  slope. 

Annual  Plant  (annuals)  -  A  plant  that  completes  its  life  cycle  and  dies  in 
1  year  or  less. 

Aspect  -  The  direction  toward  which  a  slope  faces.   Exposure. 

Available  Nutrient  -  The  part  of  the  supply  of  a  plant  nutrient  in  the  soil 
that  can  be  taken  up  by  plants  at  rates  and  in  amounts  significant  to 
plant  growth . 

Available  Water  -  The  part  of  the  water  in  the  soil  that  can  be  taken  up  by 
plants  at  rates  significant  to  their  growth.   Usable:   obtainable. 

Bedrock  -  Any  consolidated  material  (shale,  sandstone,  etc.)  soft,  weathered 
or  hard  that  has  remained  in  place  and  is  relatively  unchanged. 

Broadcast  Seeding  -  Scattering  seed  on  the  surface  of  the  soil.   Contrast 
with  drill  seeding  which  places  the  seed  in  rows  in  the  soil. 

Buffer  -  Substances  in  soil  or  water  that  act  chemically  to  resist  changes 
in  reaction  or  pH. 

Calcareous  Soil  -  Soil  containing  sufficient  calcium  carbonate  (often  with 
magnesium  carbonate)  to  effervesce  visibly  when  treated  with  cold 
0.1  normal  hydrochloric  acid. 

Capillary  Water  -  The  water  held  in  the  "capillary"  or  small  pores  of  a 

soil,  usually  with  tension  greater  than  60  centimeters  of  the  water. 
Much  of  this  water  is  considered  to  be  readily  available  to  plants. 

CFS,  Cubic  feet  per  second  -  measurement  of  water  flow. 

Channel  Stabilization  -  Erosion  prevention  and  stabilization  of  velocity 

distribution  in  a  channel,  using  jetties,  drops,  revetments,  vegetation, 
and  other  measures. 

Clay  (soils)  -  (1)  A  mineral  soil  separate  consisting  of  particles  less  than 

0.002  millimeter  diameter.   (2)  A  soil  textural  class.   (3)  (engineering) 
A  fine-grained  soil  that  has  a  high  plasticity  index  in  relation  to 
the  liquid  limits. 

Colluvium  -  A  general  term  applied  to  loose,  heterogeneous  (mixed)  deposits 
of  soil  material  and/or  rock  fragments  near  the  base  of  rather  steep 
slopes.   The  deposits  have  accumulated  through  mass  wasting  (slides), 
soil  creep,  and  local  wash. 
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Compaction  -  The  closing  of  the  pore  spaces  among  the  particles  of  soil 

and  rock,  generally  caused  by  running  heavy  equipment  over  the  area, 
as  in  the  process  of  leveling  the  overburden  material  of  strip  mine 
banks . 

Companion  Crop  -  (See  Nurse  Crop) . 

Conifer  -  A  tree  belonging  to  the  order  Coniferae,  usually  evergreen  with 
cones  and  needle-shaped  or  scale-like  leaves  and  producing  wood  known 
commercially  as  "softwood." 

Contour  -  An  imaginary  line  connecting  points  of  equal  height  above  sea 
level  as  they  follow  the  relief  of  the  terrain. 

Cool-Season  Plant  -  A  plant  that  makes  its  major  growth  during  the  cool 
portion  of  the  year,  primarily  in  the  spring  but  in  some  localities 
in  the  winter. 

Deciduous  -  Refers  to  a  tree  that  sheds  all  its  leaves  every  year  at  a 
certain  season. 

Deep  Chiseling  -  Deep  chiseling  is  a  surface  treatment  that  loosens  compacted 
spoils.   The  process  creates  a  series  of  parallel  slots  on  the  contour 
in  the  spoils  surface  which  impedes  water  flows  and  markedly  increases 
infiltration. 

Density,  Forage  -  The  percent  of  ground  surface  which  appears  to  be  completely 
covered  by  vegetation  when  viewed  directly  from  above. 

Density,  Stand  -  Density  of  stocking  expressed  in  number  of  trees  per  acre. 

Dissolved  Solids  -  The  difference  between  the  total  and  suspended  solids 
in  water. 

Disturbed  Land  -  Land  on  which  excavation  has  occurred  or  upon  which  over- 
burden has  been  deposited,  or  both. 

Dozer  or  Bulldozer  -  Tractor  with  a  steel  plate  or  blade  mounted  on  the 
front  end  in  such  a  manner  that  it  can  be  used  to  cut  into  earth  or 
other  material  and  move  said  material  primarily  forward  by  pushing. 

Ecology  -  The  science  that  deals  with  the  mutual  relation  of  plants  and 
animals  to  one  another  and  to  their  environment. 

Ecosystem  -  A  total  organic  community  in  a  defined  area  or  time  frame. 

Effective  Precipitation  -  That  portion  of  total  precipitation  that  becomes 
available  for  plant  growth.   It  does  not  include  precipitation  lost 
to  deep  percolation  below  the  root  zone  or  to  surface  runoff. 

Effluent  -  Any  water  flowing  out  of  the  ground  or  from  an  enclosure  to  the 
surface  flow  network. 
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Environment  -  All  external  conditions  that  may  act  upon  an  organism  or  soil 
to  influence  its  development,  including  sunlight,  temperature,  moisture 
and  other  organisms. 

Erodibility  -  The  relative  ease  with  which  one  soil  erodes  under  specified 
conditions  of  slope  as  compared  with  other  soils  under  the  same 
conditions;  this  applies  to  both  sheet  and  gully  erosion. 

Erosion  -  The  wearing  away  of  the  land  surface  by  running  water,  wind,  ice, 
or  other  geological  agents,  including  such  processes  as  gravitational 
creep.   Detachment  and  movement  of  soil  or  rock  fragments  by  water, 
wind  or  ice,  or  gravity. 

Essential  Element  (plant  nutrition)  -  A  chemical  element  required  for  the 
normal  growth  of  plants. 

Evapotranspiration  -  A  collective  term  meaning  the  loss  of  water  to  the 
atmosphere  from  both  evaporation  and  transpiration  by  vegetation. 

Excavation  -  The  act  of  removing  overburden  material. 

Fertilizer  -  Any  natural  or  manufactured  material  added  to  the  soil  in  order 
to  supply  one  or  more  plant  nutrients. 

Fertilizer  Grade  -  The  guaranteed  minimum  analysis  in  whole  numbers,  in 

percent,  of  the  major  plant  nutrient  elements  contained  in  a  fertilizer 
material  or  in  a  mixed  fertilizer.   For  example,  a  fertilizer  with  a 
grade  of  20-10-5  contains  20  percent  nitrogen  (N) ,  10  percent  available 
phosphoric  acid  (P2O5) ,  and  5  percent  water  soluble  potash  (K2O) . 
Minor  elements  may  also  be  included.   Recent  trendjs  are  to  express  the 
percentages  in  terms  of  the  elemental  fertilizer  /nitrogen  (N) , 
phosphorous  (P)  ,  and  potassium  (K)_/ . 

Fill  -  Depth  to  which  material  is  to  be  placed  (filled)  to  bring  the  surface 
to  a  predetermined  grade.   Also,  the  material  itself. 

Forage  -  Unharvested  plant  material  which  can  be  used  as  feed  by  domestic 
animals.   Forage  may  be  grazed  or  cut  for  hay. 

Forest  Land  -  Land  bearing  a  stand  of  trees  at  any  age  or  stature,  including 
seedlings  and  of  species  attaining  a  minimum  of  6  feet  average  height 
at  maturity  or  land  from  which  such  a  stand  has  been  removed  but  on  which 
no  other  use  has  been  substituted.   The  term  is  commonly  limited  to  land 
not  in  farms;  forests  on  the  farms  are  commonly  called  woodland  or  farm 
forests. 

Germination  -  Sprouting;  beginning  of  growth. 

Gradation  -  A  term  used  to  describe  the  series  of  sizes  into  which  a  soil 
sample  can  be  divided. 

Grain  Size  -  Physical  size  of  soil  particle,  usually  determined  by  either 
sieve  or  hydrometer  analysis. 
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Ground  Cover  -  Any  living  or  dead  vegetative  material  producing  a  protective 
mat  on  or  just  above  the  soil  surface. 

Ground  Water  -  Subsurface  water  occupying  the  saturation  zone,  from  which 

wells  and  springs  are  fed.   In  a  strict  sense  the  term  applies  only  to 
water  below  the  water  table.   Also  called  plerotic  water;  phreatic 
water. 

Growing  Season  -  Determined  by  the  Lowery-Johnson  Method. 

Gully  Erosion  -  Removal  of  soil  by  running  water,  with  formation  of  deep 

channels  that  cannot  be  smoothed  out  completely  by  normal  cultivation. 

Hydroseeding  -  Dissemination  of  seed  hydraulically  in  a  water  medium. 
Mulch,  lime,  and  fertilizer  can  be  incorporated  into  the  sprayed 
mixture. 

Impervious  -  Prohibits  fluid  flow. 

Infiltration  -  The  downward  entry  of  water  into  the  land  surface. 

Intermittent  Stream  -  A  stream  or  portion  of  a  stream  that  flows  only  in 
direct  response  to  precipitation.   It  receives  little  or  no  water 
from  springs  and  is  dry  for  a  large  part  of  the  year. 

Land  Classification  -  Classification  of  specific  bodies  of  land  according 
to  their  characteristics  or  to  their  capabilities  for  use.   A  use 
capability  classification  may  be  defined  as  one  based  on  both  physical 
and  economic  considerations  according  to  their  capabilities  for  man's 
use,  with  sufficient  detail  of  categorical  definition  and  cartographic 
(mapping)  expression  to  indicate  those  differences  significant  to  men. 

Land  Use  Planning  -  The  development  of  plans  for  the  uses  of  land  that,  over 
long  periods,  will  best  serve  the  general  welfare,  together  with  the 
formulation  of  ways  and  means  for  achieving  such  uses. 

Leaching  -  The  removal  of  materials  in  solution  by  the  passage  of  water 
through  soil. 

Leachate  -  Liquid  that  has  percolated  through  a  medium  and  has  extracted 
dissolved  or  suspended  materials  from  it. 

Legume  -  A  member  of  the  legume  or  pulse  family,  leguminosae.   One  of  the 
most  important  and  widely  distributed  plant  families.   Includes  many 
valuable  food  and  forage  species,  such  as  the  peas,  beans,  peanuts, 
clovers,  alfalfas,  sweet  clovers,  lespedezas,  vetches  and  kudzu. 
Practically  all  legumes  are  nitrogen-fixing  plants. 

Lime  -  From  the  strictly  chemical  standpoint,  refers  to  only  one  compound, 
calcium  oxide  (CaO) ;  however,  the  term  lime  is  commonly  used  in 
agriculture  to  include  a  great  variety  of  materials  which  are  usually 
composed  of  the  oxide,  hydroxide,  or  carbonate  of  calcium  or  of 
calcium  and  magnesium.   The  most  commonly  used  forms  of  agricultural 
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line  are  ground  limestone,  marl,  and  oyster  shells  (carbonates), 
hydrated  lime  (hydroxides) ,  and  burnt  lime  (oxides) . 

Quicklime  -  limestone  +  heat  (calcined)   CaO 

Hydrated  Lime  -  quicklime  +  H2O  Ca(0H)2 

Slaked  lime  -  same  as  hydrated  but  slaking  equipment  is  used 

for  adding  water 
Milk  of  lime  -  water  mixture  containing  lime  in  solution  +  lime 

in  suspension 

Micro-Climate  -  A  local  climatic  condition  near  the  ground  resulting  from 
modification  of  relief,  exposure,  or  cover. 

Micro-Nutrients  -  Nutrients  in  only  small,  trace,  or  minute  amounts. 

Mined-Land  -  Land  with  new  surface  characteristics  due  to  the  removal  of 
mineable  commodity  by  surface  mining  methods  and  subsequent  surface 
reclamation. 

Mulch  -  A  natural  or  artificial  layer  of  plant  residue  or  other  materials 
placed  on  the  soil  surface  to  protect  seeds,  to  prevent  blowing,  to 
retain  soil  moisture,  to  curtail  erosion,  and  to  modify  soil  temperature. 

Natural  Revegetation  -  Natural  reestablishment  of  plants;  propagation  of 
new  plants  over  an  area  by  natural  processes. 

Natural  seeding  (Volunteer)  -  Natural  distribution  of  seed  over  an  area. 

Neutralization  -  The  process  of  adding  an  acid  or  alkaline  material  to 
water  or  soil  to  adjust  its  pH  to  a  neutral  position. 

Neutral  Soil  -  A  soil  in  which  the  surface  layer,  at  least  from  normal  plow 
depth,  is  neither  acid  nor  alkaline  in  reaction.   For  most  practical 
purposes,  soil  with  a  pH  ranging  from  6.6  through  7.3. 

Nitrogen  Fixation  -  The  conversion  of  atmospheric  (free)  nitrogen  to  nitrogen 
compounds.   In  soils  the  assimilation  of  free  nitrogen  from  the  air  by 
soil  organisms  (making  the  nitrogen  eventually  available  to  plants) . 
Nitrogen  fixing  organisms  associated  with  plants  such  as  the  legumes 
are  called  symbiotic;  those  not  definitely  associated  with  plants  are 
called  nonsymbiotic. 

Nurse  Crop  -  A  planting  or  seeding  that  is  used  to  protect  a  tender  species 
during  its  early  life.   A  nurse  crop  is  usually  temporary  and  gives  way 
to  the  permanent  crop.   Sometimes  referred  to  as  a  companion  crop. 

Nutrients  -  Any  element  taken  into  a  plant  that  is  essential  to  its  growth. 

Overburden  -  All  unconsolidated  (soil,  till,  outwash,  alluvium,  etc.)  and 
consolidated  (shale,  sandstone,  etc.)  materials  which  lie  above  the 
coal. 
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Percolation  -  Downward  movement  of  water  through  soils. 

Permeability  -  The  measure  of  the  capacity  for  transmitting  a  fluid  through 
the  substance.   In  this  report  the  substance  is  overburden  (soil  and 
bedrock) . 

pH  -  The  symbol  or  term  refers  to  a  scale  commonly  used  to  express  the 
degrees  of  acidity  or  alkalinity.   On  this  scale  pH  of  1  is  the 
strongest  acid,  pH  of  14  is  the  strongest  alkali,  pH  of  7  is  the  point 
of  neutrality  at  which  there  is  neither  acidity  or  alkalinity.   pH  is 
not  a  measure  of  the  weight  of  acid  or  alkali  contained  in  or  available 
in  a  given  volume  (-Log  of  H+  activity) . 

Pollution  -  Environmental  degradation  resulting  from  man's  activities  or 
natural  events. 

Pond  -  A  body  of  water  of  limited  size  either  naturally  or  artificially 
confined  and  usually  smaller  than  a  lake. 

Rain  -  (1)  Heavy — Rain  which  is  falling  at  the  time  of  observation  with  an 
intensity  in  excess  of  0.30  in.  per  hr  (over  0.03  inch  in  6  min) . 

(2)  Light — Rain  which  is  falling  at  the  time  of  observation  with  an 
intensity  of  between  a  trace  and  0.10  in.  per  hr  (0.01  inch  in  6  min). 

(3)  Moderate — Rain  which  is  falling  at  the  time  of  observation  with  an 
intensity  of  between  0.11  in.  per  hr  (0.01+  inch  in  6  min)  and  0.30  in. 
per  hr  (0.03  inch  in  6  min). 

Range  Land  -  The  natural  vegetation  is  predominantly  grasses,  grasslike 
plants,  forbs,  or  shrubs. 

Percolation  Rate  -  Usually  expressed  as  a  velocity,  at  which  water  moves 
through  saturated  granular  material.   The  term  is  also  applied  to 
quantity  per  unit  or  time  of  such  movement,  and  has  been  used  erroneously 
to  designate  infiltration  rate  or  infiltration  capacity. 

Reclamation  -  The  process  of  reconverting  mined  land  to  its  former  or  other 
productive  uses. 

Reconstructed  Profile  -  The  result  of  selective  placement  of  suitable  overburden 
material  on  reshaped  spoils. 

Recreation  Land  -  Land  and  water  used,  or  usable  primarily  as  sites  for  outdoor 
recreation  facilities  and  activities. 

Reforestation  -  The  natural  or  artificial  restocking  of  an  area  with  forest 
trees. 

Regrading  -  The  movement  of  earth  over  a  depression  to  change  the  shape  of 
the  land  surface.   A  finer  form  of  backfilling. 

Rehabilitation  -  Implies  that  the  land  will  be  returned  to  a  form  and 
productivity  in  conformity  with  a  prior  land  use  plan,  including  a 
stable  ecological  state  that  does  not  contribute  substantially  to 
environmental  deterioration  and  is  consistent  with  surrounding  aesthetic 
values. 
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Revegetation  -  The  reestablishment  of  a  vegetative  cover  following  land 
disturbance. 

Ripping  -  The  act  of  breaking,  with  a  tractor-drawn  ripper  or  long  angled 
steel  tooth,  compacted  soils  or  rock  into  pieces  small  enough  to  be 
economically  excavated  or  moved  by  other  equipment  as  a  scraper  or 
dozer. 

Runoff  -  That  portion  of  the  rainfall  that  is  not  absorbed  by  the  deep 

strata:   is  utilized  by  vegetation  or  lost  by  evaporation  or  may  find 
its  way  into  streams  as  surface  flow. 

Saline-Sodic  Soil  -  A  soil  having  a  combination  of  a  harmful  quantity  of 

salts  and  either  a  high  degree  of  sodicity  or  a  high  amount  of  exchange- 
able sodium,  or  both,  so  distributed  in  the  soil  profile  that  the 
growth  of  most  crop  plants  is  less  than  normal. 

Saline  Soil  -  A  soil  containing  enough  soluble  salts  to  impair  its  productivity 
for  plants  but  not  containing  an  excess  of  exchangeable  sodium. 

Sandstone  -  A  cemented  or  otherwise  compacted  detrital  sediment  composed 
predominantly  of  quartz  grains,  the  grades  of  the  latter  being  those 
of  sand . 

Saturation  -  Completely  filled;  a  condition  reached  by  a  material,  whether 
it  be  in  solid,  gaseous,  or  liquid  state,  which  holds  another  material 
within  itself  in  a  given  state  in  an  amount  such  that  no  more  of  such 
material  can  be  held  within  it  in  the  same  state.   The  material  is  then 
said  to  be  saturated  or  in  a  condition  of  saturation. 

Sediment  -  Solid  material,  both  mineral  and  organic,  that  is  in  suspension, 
is  being  transported,  or  has  been  moved  from  its  site  of  origin  by 
air,  water,  gravity,  or  ice  and  has  come  to  rest  on  the  earth's  surface 
either  above  or  below  sea  level. 

Sediment  Basin  -  A  reservoir  for  the  confinement  and  retention  of  silt, 
gravel,  rock,  or  other  debris  from  a  sediment-producing  area. 

Seedbed  -  The  soil  prepared  by  natural  or  artificial  means  to  promote  the 
germination  of  seed  and  growth  of  seedlings. 

Seep  -  A  more  or  less  poorly  defined  area  where  water  oozes  from  the  earth 
in  small  quantities. 

Shale  -  Sedimentary  or  stratified  rock  structure  generally  formed  by  the 
consolidation  of  clay  or  clay-like  material. 

Silt  -  Small  mineral  soil  grains  the  particles  of  which  range  in  diameter 
from  0.05  to  0.002  mm  (or  0.02-0.002  mm  in  the  international  system). 
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Soil  (See  Acid  Soil  and  Alkaline  Soil)  -  Surface  layer  of  the  earth,  ranging 
in  thickness  from  a  few  inches  to  several  feet  composed  to  finely 
divided  rock  debris  mixed  with  decomposing  vegetative  and  animal  matter 
which  is  capable  of  supporting  plant  growth. 

Soil  Amendment  -  Any  substance  used  to  alter  one  or  more  of  the  many  soil 

properties.   These  include  soil  conditioning  agents,  fertilizers,  lime 
and  manures,  to  name  a  few. 

Soil  Conserving  Crops  -  Crops  that  prevent  or  retard  erosion  and  maintain 
or  replenish  rather  than  deplete  soil  organic  matter. 

Soil  Porosity  -  The  degree  to  which  the  soil  mass  is  permeated  with  pores 
or  cavities.   It  is  expressed  as  the  percentage  of  the  whole  volume 
of  the  soil  which  is  unoccupied  by  solid  particles. 

Soil  Profile  -  A  vertical  section  of  the  soil  through  all  its  horizons  and 
extending  into  the  parent  material. 

Soil  Structure  -  The  combination  or  arrangement  of  primary  soil  particles 
into  secondary  particles,  units,  or  peds. 

Solum  -  The  upper  part  of  a  soil  profile,  above  the  parent  material,  in 

which  the  processes  of  soil  formation  are  active.   The  solum  in  mature 
soils  includes  the  A  and  B  horizons.   Usually  the  characteristics  of 
the  material  in  these  horizons  are  quite  unlike  those  of  the  underlying 
parent  material.   The  living  roots  and  other  plant  life  and  animal  life 
characteristic  of  the  soil  are  largely  confined  to  the  solum. 

Spoil  -  The  overburden  or  non-coal  material  removed  in  gaining  access  to  the 
coal  or  mineral  material  in  surface  mining. 

Spoil  Bank  (Spoil  Pile)  -  Area  created  by  the  deposited  spoil  or  overburden 
material  prior  to  backfilling.   Also  called  cast  overburden. 

Stratified  -  Composed  of,  or  arranged  in,  strata  or  layers,  as  stratified 
alluvium.   The  term  is  applied  to  geological  materials.   Those  layers 
in  soils  that  are  produced  by  the  processes  of  soil  formation  are 
called  horizons,  while  those  inherited  from  parent  material  are  called 
strata. 

Strip  -  To  mine  a  deposit  by  first  taking  off  the  overlying  burden. 

Stripping  -  The  removal  of  earth  or  non-ore  rock  materials  as  required  to 
gain  access  to  the  ore  or  mineral  materials  wanted.   The  process  of 
removing  overburden  or  waste  material  in  a  surface  mining  operation. 

Subsoil  -  The  B  horizon  of  soils  with  distinct  profiles.   In  soils  with  weak 
profile  development,  the  subsoil  can  be  defined  as  the  soil  below  the 
plowed  soil  (or  its  equivalent  of  surface  soil)  in  which  roots  normally 
grow.   Although  a  common  term,  it  cannot  be  defined  accurately.   It 
has  been  carried  over  from  early  days  when  "soil"  was  conceived  only 
as  the  plowed  soil  and  that  under  it  as  "subsoil." 
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Substratum  -  Alluvial,  colluvial,  or  bedrock  material  that  underlies  the 
soil  profile. 

Surface  Mining  -  Refers  to  a  procedure  of  mining  which  entails  the  complete 
removal  of  all  material  from  over  the  resource  to  be  mined  in  a  series 
of  rows  or  strips;  also  referred  to  as  "strip  mining." 

Surface  Soil  -  The  upper  part  of  arable  soils  commonly  stirred  by  tillage 

implements  or  an  equivalent  depth  C5  to  8  minches)  in  non-arable  soils. 

Suspended  Solids  -  Sediment  which  is  in  suspension  in  water  but  which  will 
physically  settle  out  under  quiescent  conditions  (as  differentiated 
from  dissolved  material) . 

Terrace  -  Sloping  ground  cut  into  a  succession  of  benches  and  steep  inclines 
for  purposes  of  cultivation  or  to  control  surface  runoff  and  minimize 
soil  erosion. 

Terraced  Slope  -  A  slope  that  is  intersected  by  one  or  more  terraces. 

Texture  (Soils)  -  Refers  to  the  fineness  or  coarseness  of  a  soil.   Specifically, 
it  refers  to  the  relative  proportions  of  the  various  soil  separates 
(sand,  silt,  clay)  in  a  given  soil. 

Topdressing  Material  -  Material  that  is  well  suited  for  plant  media.   Desired 
characteristics  include:   fertile,  good  tilth,  permeable,  contains 
organic  matter,  nonsaline,  nonsodic  and  has  water  stable  aggregates. 

Tilth  -  The  physical  condition  of  a  soil  in  respect  to  its  fitness  for  the 
growth  of  a  specified  plant. 

Topography  -  The  shape  of  the  ground  surface,  such  as  hills,  mountains,  or 
plains.   Steep  topography  indicates  steep  slopes  or  hilly  land;  flat 
topography  indicates  flat  land  with  minor  undulations  and  gentle 
slopes. 

Toxic  Spoil  (See  also  Acid  Spoil)  -  Includes  acid  spoil  with  pH  below  4.0. 

Also  refers  to  spoil  containing  excessive  levels  of  exchangeable  sodium 
or  trace  elements  (i.e.,  selenium,  lead,  etc.). 

Transpiration  -  The  normal  loss  of  water  vapor  to  the  atmosphere  from  plants. 

Unconsolidated  (soil  material)  -  Soil  material  in  a  form  of  loose  aggregation. 

Vegetation  -  General  term  including  grasses,  legumes,  shrubs,  trees  naturally 
occurring  and  planted  intentionally. 

Vegetative  Cover  -  The  entire  vegetative  canopy  on  an  area. 

Volunteer  -  Springing  up  spontaneously  or  without  being  planted;  a  volunteer 
plant. 
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Weathering  -  The  group  of  processes,  such  as  chemical  action  of  air  and 
rainwater  and  of  plants  and  bacteria  and  the  mechanical  action  of 
changes  in  temperature,  whereby  rocks,  on  exposure  to  the  weather, 
change  in  character,  decay,  and  finally  crumble. 

Wildlife  -  Undomesticated  vertebrate  animals,  except  fish,  considered 
collectively. 
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RELATIVE  YIELD  VS.    PLANT  ANALYSES   DATA 


Relative   Yield 


Plant  Analyses    Data 


Sample 
Number 

Dopth 
(ft.) 

Western 
Wheat 

Fe 
ppm 

Zn 
ppm 

Mn 
ppm 

Cu 

ppm 

P 

7. 

K 

% 

Control 

sur faco 

100 

64.6 

31.5 

39.4 

7.3 

.57 

1.47 

T2117 

0.0-1.5 

114 

61.2 

16.5 

74.5 

7.9 

.40 

1.04 

T2112 

1.0-2.5 

104  ■ 

64 . 1 

17.9 

64.1 

7.9 

.40 

1.28 

T2114 

4.0-6.0 

100 

T2132 

2.5-4.0 

99 

91.5 

14.0 

108.5 

11.5 

.45 

1.45 

T2111 

0.0-1.0 

98 

T2080 

1.0-2.5 

91 

T2134 

5.5-7.0 

91 

T2136 

8.5-10.0 

89 

T2090 

8.5-10.0 

86 

T2086 

1.5-3.0 

84 

T209L 

0.0-1.0 

84 

76.0 

19.9 

57.4 

9.4 

.38 

1.15 

T2098 

0.0-1.0 

80 

58.4 

11.9 

43.1 

13.4 

.33 

2.0 

T2123 

0.0-1.0 

80 

T2130 

0.0-1.0 

80 

T2079 

0.0-1.0 

78 

87.4 

21.4 

84.6 

12.3 

.43 

1.41 

T2096 

6.5-8.0 

77 

T2092 

1.0-3.0 

76 

T2115 

6.0-8.0 

I   75 

T2133 

4.0-5.5 

1   75 

71.3 

15.4 

111.9 

10.6 

.34 

2.6 

T21L3 

2.5-4.0 

1   74 

9)  .9 

13.7 

92.1 

10.7 

.39 

2.4 

T2093 

3.0-4.0 

71 

71.5 

17.3 

78.2 

9.4 

.5 

2.4 

T2095 

5.0-6.5 

71 

76-101-3 

34.5-40.5 

71 

71.8 



105.3 

8.7 

.43 

1.7 

T2094 

4.0-5.0 

70 

T2105 

0.0-1.5 

68 

T2129 

8.5-10.0 

67 

69.5 



82.4 

9.7 

.40 

3.2 

76-101-14 

104.0-232.3 

67 

T2118 

1.5-3.0 

66 

T2089 

7.0-8.5 

65 

91.2 

20.3 

180.1 

13.7 

.38 

1.9 

76-101-13 

178.4-204.0 

65 

78.0 



130.4 

9.9 

.32 

3.1 

76-101-12 

154.5-170.8 

64 

T2083 

6.0-8.0 

63 

78.0 

16.1 

73.1 

10.0 

.40 

1.83 

T2131 

1.0-2.5 

63 

. 
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Relative  Yield 
7. 


Plant   Analyses    Data 


Sample 
Number 

Depth 
(ft.) 

Western 
Wheat 

Fe 
ppm 

Zn 
ppm 

Mn 
ppm 

Cu 
ppm 

P 

7. 

K 
% 

T2097 

8.0-10.0 

60 

T2085 

0.0-1.5 

59 

T2100 

2.0-2.5 

59 

T2128 

7.5-8.5 

59 

T2088 

5.0-7.0 

57 

86.4 

19.6 

183.5 

12.1 

.40 

2.6 

T2116 

8.0-10.0 

57 

68.5 

27.4 

99.7 

9.0 

.42 

3.5 

T2106 

1.5-2.5 

56 

76.9 

18.5 

105.1 

11.4 

.55 

3.4 

T2087 

3.0-5.0 

55 

T2124 

1.0-2.5 

55 

76-101-15 

232.3-254.5 

55 

T2082 

4.0-6.0 

54 

T2125 

3.0-4.0 

54 

75.4 

15.3 

96.8 

8.8 

.45 

1.6 

T2135 

7.0-8.5 

54 

T2099 

1.0-2.0 

53 

T2119 

3.0-4.5 

53 

73.6 

20.8 

95.2 

9.5 



3.17 

T2121 

6.0-8.0  ' 

52 

T2122 

8.0-10.0 

52 

T2084 

8.0-10.0 

51 

81.4 

17.7 

57.7 

10.9 

.47 

2.1 

T2120 

4.5-6.0 

51 

T2101 

3.5-5.5 

50 

T2127 

5.5-7.5 

47 

T2126 

4.0-5.5 

46 

T2103 

8*. 0-8. 5 

44 

T2081 

2.5-4.0 

41 

76-101-11 

142.2-154.5 

37 

93.7 

46.8 

121.0 

10.2 

.46 

2.7 

T2109 

6.0-8.0 

36 

96.3 

33.0 

103.2 

16.9 

.38 

2.6 

T2102 

5.5-8.0 

30 

76-101-1 

0.0-12.8 

30 

T2110 

8.0-10.0 

29 

84.1 

22.1 

125.0 

13.4 

.39 

2.5 

76-101-4 

40.5-57.5 

27 

76-101-2 

12.8-34.5 

26 

82.5 

48.0 

137.5 

12.5 

.31 

2.9 

T2107 

2.5-4.0 

24 

T2108 

4.0-6.0 

20 

128.3 

21.6 

108.1 

15.2 

.55 

2.4 

T2104 

8.5-10.0 

19 

89.4 

16.7 

116.6 

9.2 

.26 

1.8 

76-101-7 

103.6-119.1 

18 

76-101-9 

126.5-134.0 

17 

83.8 

40.7 

105.2 

8.2 

.42 

2.2 

76-101-10 

134.0-141.5 

14 

104.9 

53.1 

132.7 

10.5 

.76 

3.3 

76-101-5 

74.4-95.5 

11 

66.6 

42.8 

104.7 

7.6 

.60 

2.5 
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HYDROLOGY 


Table  69  -Chemical  and  spectographic  analyses  of  water  samples  from 
streams  in  the  vicinity  of  the  Pumpkin  Creek  study  area 
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A  I  I  UN   iMlJMht* 


STATION   NAME 


UMF 

OF 

SAMPLE 


TIMF 


INSTAH- 

TANEOUS 

DIS- 

t  M  A  H  I  j  t 

C  C  F  S ) 


SURFACE 
AREA 

(SuUARE 
MILES} 


SPE- 
CIFIC 

COn- 

DULT  - 

ANCE 

(M1CR0- 

MHOSJ 


PH 


(UNITS) 


0o326020       MIZPAH  CREEK  «T  OLIVE,  MT, 

MZpah  CREEK  AT  OLIVE*  MT, 

MIZPAH  CKtEK  »l  OLIVE,  MT, 

MIZPAh  UKEt*  «  I  OLIVE/  MT, 

r-i T  ZH Ah  CREEK  AT  L'LIVE,  MT, 


7^-1 1-19 
75-12-11 
76-0 1  -  1  S 
76-02-12 

76-05- t  1 


1300 
lOuO 
0  8  4  S 
isan 
13oo 


.10 
.22 

.  1  a 
.57 
.30 


129 
129 
129 

129 
129 


u7o0 
5570 

4960 
4730 
5*50 


e.o 
7.5 
7. fa 
7.5 
7.5 


MIZPAH  CREEK  Al  uLIyE,  MT, 

MlZPAh  CREEK  AT  OLIVE,  VT, 

M1ZPAH  CREEK  AT  UL IVE,  f  T , 

MIZPAH  CREEK  AT  OLIVE,  MT , 

MIZPAH  CREEK  A  I  OLIVE,  MT, 


76-04-14 

76-0S-11 

;6-0o-09 

77-01-06 

77-13-0? 


I33n 
1"S00 

in^s 
lSifl 
iaaS 


.30 
.19 

.02 
.01 
.0  1 


129 

129 
129 
129 
129 


3i)oo 
3  3*0 
5400 
5810 
4720 


6.0 
b.l 
b.l 
7.1 
7  .d 


MZPAh  CRttx  AI  OLWE,  MT. 
MIZPaH  ChcEk  AT  OLIVE,  mi. 


77-04-0* 
77-05-03 


1"10 
o  «  o ') 


.65 

,0-4 


129 
129 


2b60 
3030 


7.9 
7.9 


06326200 

MIZPAH 

CREEK 

NEAP 

VOL  2U*b, 

MT 

75-11-13 

1300 

.10 

510 

5300 

7.8 

MlZPAh 

CREEK 

NtAR 

VOLbORG, 

MT 

7^-12-09 

1600 

.10 

510 

2710 

7.7 

MIZPAH 

CREEK 

NtAR 

VOLbORG, 

MT 

76-01-13 

14-45 

.14 

510 

2850 

7.8 

*1ZHAH 

LREE>v 

NEAR 

VUL60RG, 

MT 

76-02-11 

1  '4  4  0 

4.2 

510 

1570 

7.6 

MIZPAH 

CREEK 

NEAR 

VOLbORG, 

MT 

76-03-09 

1130 

1  .4 

510 

2120 

7.8 

MIZPAri 

LKtEK 

NEAK 

VOLbORG, 

Ml 

Jb-QU-l I 

1500 

.25 

510 

2740 

7.6 

MIZPAH 

CREEK 

NEAR 

VOLBORG, 

MT 

76-05-10 

1930 

8.9 

510 

3120 

6.5 

rilZPAH 

CRttR 

NEAR 

VOLBORG, 

M 

76-0o-0* 

1745 

.45 

510 

3100 

8.0 

I'.IZPAH 

CREEK 

.EAR 

VOLBORG, 

11 

76-07-13 

1600 

2.3 

510 

2810 

b.l 

MIZPAH 

uREEK 

NEAK 

VOLbORG, 

Ml 

76-08-11 

1335 

.  08 

510 

2720 

7.9 

f-   IZPAh 

CKEEK 

NEAR 

VULhOkG, 

MT 

76-10-07 

1^35 

.05 

510 

3500 

8.1 

MIZPAH 

CREEK 

NEAR 

VOLbORG, 

MT 

76-12-0? 

0900 

.02 

510 

3900 

6.2 

N IZPAH 

CRtEK 

NEAR 

VOLbORG, 

i-.T 

77-01-06 

1300 

.10 

510 

379o 

7.5 

MIZPAH 

CREEK 

NEAR 

VuLbORG, 

MT 

77-o<>-o? 

1000 

.30 

2  10 

2940 

7.5 

MIZPAH 

CREEK 

NEAK 

VOLbORG, 

MT 

77-03-01 

1?00 

.05 

510 

2870 

7.o 

MIZPAH 

CREEK 

NEAK 

VOLRORG, 

MT 

77-^4-0^ 

1525 

.05 

510 

3050 

6.0 

MIZPAh 

CKEEK 

NEAR 

VOLBORG, 

MT 

77-0-3-03 

1200 

.02 

510 

3900 

8.2 

O6308160 

PUMPK1K 

CREEK 

NEAR 

LOF.SCH, 

Ml 

75-12-10 

1600 

.30 

102 

4830 

6.0 

Pu^pK]  l\ 

CREtK 

(Vit  Ak 

LOESCH, 

Ml 

7  6-0 1-1  a 

1430 

.13 

10  c. 

5430 

7.5 

Pli«»PK^ 

CREEK 

NEAP 

LOtSCH, 

MT 

76-02-1? 

1200 

.-42 

102 

4o00 

7.6 

PUMPK  I  i> 

CRfclK 

NtAR 

LOESCH, 

"IT 

76-03-11 

1000 

.  31 

102 

4100 

7.9 

PUMPKli> 

CREEK 

NEAK 

LOESCri, 

MT 

76-04-14 

1030 

.25 

102 

5580 

6.  1 

PUMPKlIN 

LKttK 

NEAK 

LOESCH, 

IT 

76-05-1 1 

1300 

.50 

102 

<49o0 

6.1 

PUi-lPK^ 

C.RtE* 

NEAR 

LOESCH, 

MT 

76-0o-09 

1300 

.05 

102 

4vfe0 

7.6 

PUMPKIi 

CREEK 

NEAR 

LutSCH, 

■■IT 

76-07-14 

1015 

.02 

102 

2900 

7.6 

PUflPKIi> 

CREEK 

NEAF 

LOESCH, 

MT 

77-01-07 

091S 

.01 

102 

10  0  0  0 

7.4 

PUMPkU 

CkEEk 

11 E  AR 

LOESCH, 

MT 

77-02-0? 

1545 

.01 

102 

6200 

7.o 

POMPkIi 

CKtEK 

NEAR 

LOESCH, 

•IT 

77-03-0? 

1345 

.05 

102 

O450 

7.2 

PUMPKIN 

CxEEK 

NEAR 

LOESCH, 

MT. 

77-04-06 

1200 

1  .2 

102 

4200 

6.5 

HUMPKIh 

CPEtK 

NEAR 

LOESCh, 

Mf. 

77-05-02 

140  0 

.05 

102 

6500 

b.2 

06306190  PUMPKIN  CRtfcK  NEAR  VOLBORG,  * T , 
PUMPKIN  CPEEk  NEAR  VOLbORG,  MT, 
PUMPKIN  CRtEK  ivEAk  VOL3URG,  MT 


POMPKlN 

L  K  L  c  K 

NEAR 

VOlBQRG, 

Ml 

PUMPKIN 

CRtEK 

NE  AK 

VULBORb, 

MT 

PUMPKIN 

CREEK 

NEAR 

V  0  L  8  U  R  G , 

1*1 

Pumpkin 

CkECK 

fif.AK 

VOL80KG, 

Ml 

pumpk IN 

CPEtK 

NEAR 

VOLbuRb, 

Ml 

PUMPKIN 

CREEK 

NtAR 

VOLoORG, 

m  r 

75-12-10 

ni? 

76-02-2" 

1230 

76-03-10 

1520 

7^-04-15 

09^,0 

76-02-11 

1000 

76-o0-09 

14i0 

77-03-0? 

1200 

77-04-06 

1545 

.  10 

566 

1.7 

366 

4.6 

566 

2.0 

3Hfa 

3.0 

366 

.02 

566 

1  .0 

366 

5.2 

3So 

77-05-03 


10  0  0 


.20 


386 


7  0  0  0 
3880 
4100 

4620 
5300 
5400 
4  62  0 
4200 

290  0 


6.  0 
6.0 
8.1 

6.0 
6.4 
6.2 
7.1 
6.5 

8.5 
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Table  69   -Chemical   and   spectographic   analyses  of  water   samples   from  streams   in   the  vicinity  of   the  Pumpkin  Creek  study  site — continued 


DATE                 AH  1UR-  DIS- 

UF               TEMPER-  TH-fPtH-  BID-  SOLVED 

SAMPLE            ATURE  ATUKE  JTY  OXYGEN 

(DEG    C)  (Uti>    C)  (JTU)  (M^/L) 


75-11-19 
75-12-1 1 
76-01-15 
76-02-12 
76-03-1 1 

76-04-14 
76-05-1  1 
76-06-09 
77-01-06 
77-03-02 

77-04-06 
77-05-03 


75-1^-10 
76-02-24 
76-03-10 

76-04-1 5 
76-05-1 1 
76-06-09 
77-03-02 
77-04-06 


1.0 

-2.0 

.0 

6.0 
-5.5 

14.0 

10.0 

26.0 

.0 

5.0 

17.0 
17.5 


1  .0 
15.0 
13.0 

19.0 
21.0 
27.0 
6.0 
22.0 


2.0 
.5 
.0 
.0 
.0 

16.0 
1S.0 
22.5 

.0 
.5 

9.0 
14.5 


13.6 

1.4 

.0 

.0 

J. 2 

14.4 
12.6 

9.6 

.0 

4.6 

11.3 
11  .4 


PEh- 
CENT 

SAl  Uri- 

AT  ION 


1  1  1 

11 
0 

0 
25 

164 

140 

12/ 

0 

36 


111 
124 


810- 
"^rHEM- 

ICAL 
OXYGEN 
DEMAND 
5    DAY 
CmG/U 

.6 
1  .4 
3.4 
2.0 
1.2 

1  .6 
1.3 
6.9 
14 

1.8 

2.1 

1  .4 


HARD- 
NESS 

(CA,yo 

(MG/L) 

2300 
2400 
2200 
2100 
1500 

1200 
1400 
1500 
2100 
1800 

I  100 
1300 


hUN- 

L'AK- 
tiUNATE 
HARD- 
NESS 
(MG/L) 

1600 
1900 
1600 
1500 
1  100 

910 
1100 
1300 
1200 
1400 

840 
1000 


DIS- 
SOLVED 
C«L- 
CIJM 
(CA) 
(MG/L) 

320 
370 
360 
360 
do<) 

200 
210 
200 
320 
290 

190 
170 


DIS- 
SOLVED 
MAG- 
NE- 
SIUM 
(MG) 
(MG/L) 

360 
3o0 
310 
290 
200 

18o 
220 
250 
310 
270 

150 
210 


DIS- 
SOLVED 
oODIUM   PERCEMT 

(NA)      SODIUM 
(MG/L) 


.  0 
.0 
.0 

14. U 

16.0 

2  7  .  u 

.0 

12.5 


4 
3 

3 

9 

10 

5 

6 


8.3 

8.9 
12.4 

7.5 
7.4 
3.2 
7.2 
10.2 


63 

66 
95 

61 
63 

115 
55 

106 


.5 
2.6 
2.0 


1  .6 
1.6 


1  700 
llOo 
1100 

1200 

1400 

1300 

900 

980 


940 
630 
650 

710 
840 
870 
550 
590 


230 

150 
150 

150 
170 
9u 
130 
130 


c'80 
170 
180 

210 
240 
250 
140 
160 


600 
600 
510 
470 
320 

280 
340 
350 
390 

400 

220 
280 


1300 
540 
630 

770 
840 
680 
520 
610 


36 
35 
33 
33 
32 

33 
34 
33 
29 
32 

30 
32 


7  5-11-13 

19.0 

4.0 

1 

9.4 

60 

•  5 

680 

150 

150 

73 

460 

59 

75-12-09 

6.5 

2.0 

2 

8.5 

69 

.4 

650 

150 

140 

72 

420 

56 

76-01-13 

4.0 

1.0 

3 

7.4 

56 

.4 

610 

100 

130 

70 

420 

59 

76-02-1  1 

13.0 

1  .0 

20 

6.0 

h7 

6.  7 

240 

40 

45 

31 

200 

63 

76-03-09 

7.0 

5.0 

10 

11.1 

97 

3.1 

420 

120 

77 

55 

32o 

62 

76-04-13 

24.  o 

20. o 

5 

9.o 

lie 

1.3 

620 

1  10 

130 

71 

410 

59 

76-05-10 

24.0 

19.0 

30 

6.4 

77 

2.5 

560 

150 

86 

85 

530 

67 

76-06-06 

30.5 

29.5 

10 

8.9 

131 

1.1 

eOo 

160 

100 

84 

540 

66 

76-07-13 

28.0 

26.5 

.  1 

6.1 

1  14 

1.9 

610 

200 

100 

87 

540 

65 

76-08-11 

26.  u 

c5.0 

5 

8.2 

1  10 

1  .0 

700 

250 

140 

84 

430 

57 

76-10-C7 

I  2.0 

12.5 

10 

9.9 

103 

2.0 

700 

260 

150 

79 

47u 

59 

/6-12-02 

.  0 

2.0 

7 

7.0 

56 

1.0 

800 

200 

170 

91 

510 

58 

77-01-06 

-2.5 

1  .0 

7 

4.3 

34 

2.o 

720 

160 

150 

64 

480 

59 

77-02-02 

-2.0 

.0 

7 

5.0 

23 

.6 

720 

1  70 

150 

6S 

450 

57 

77-03-01 

5.0 

.0 

t 

6.2 

4  7 

.9 

670 

loO 

130 

64 

460 

60 

77-04-05 

16.0 

12.0 

7 

9.4 

97 

1  .0 

64  0 

140 

120 

82 

470 

61 

77-05-03 

27.5 

19.5 

u 

7.8 

92 

1.4 

740 

150 

140 

95 

550 

61 

75-12-10 

.5 

.5 

7 

6.8 

53 

.4 

1600 

10  00 

230 

^50 

630 

46 

76-01-14 

-1.0 

.0 

5 

5.7 

2^ 

.7 

1600 

1200 

260 

290 

7ou 

47 

76-02-12 

11,0 

1  .0 

5 

4.9 

39 

.4 

1500 

900 

220 

220 

620 

48 

76-03-1 1 

-3.0 

.5 

4 

6.2 

64 

.6 

1300 

640 

190 

210 

550 

47 

7e>-04-ia 

13.0 

14.0 

10 

4.6 

52 

2.o 

1600 

1200 

210 

300 

600 

49 

76-05-1 1 

8.0 

13.0 

5 

b.4 

68 

1.2 

1600 

loon 

200 

260 

690 

48 

76-00-09 

24.5 

26. U 

5 

6.0 

65 

2.5 

1  6  0  0 

1  100 

170 

^80 

710 

49 

76-07-14 

24.0 

22.0 

7 

o.O 

77 

4.6 

1900 

1200 

220 

340 

960 

51 

77-01-07 

1.0 

.  u 

6  0 

.  1 

1 

2.0 

2300 

1400 

3lo 

380 

1  100 

50 

77-02-02 

.5 

.0 

45 

.0 

0 

2.0 

2100 

1400 

260 

350 

860 

48 

77-03-02 

6.5 

.0 

7 

4.3 

33 

1.1 

1400 

950 

200 

220 

580 

47 

77-04-06 

19.5 

13.0 

3 

12.4 

132 

1.3 

1300 

850 

160 

200 

570 

49 

77-05-02 

24. a 

^0.5 

9 

1  1  .  H 

148 

1  .4 

2000 

1300 

230 

340 

9U0 

49 

b2 
52 
55 

57 
56 
60 
55 
57 


77-05-U3 


25.0 


17.0 


8.3 


95 


1.0 


1500 


970 


180 


260 


900 


56 
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Table  69  -Chemical  and  spectographlc  analyses  of  water  samples  from  streams  in  the  vicinity  of  the  Pumpkin  Creek  study  area — continued 


DIS- 

DIS- 

SODIUM 

SOLVED 

DIS- 

DIS- 

SOLVED 

DIS- 

AD- 

P0- 

ALKA- 

DIS- 

SOLVED 

SOLVED 

DIS- 

SOLIDS 

SOLVED 

DATE 

SORP- 

TAS- 

BICAR- 

CAR- 

LINI1Y 

CARbON 

SOLVED 

CHLO- 

FLUO- 

SOLVED 

(SUM  OF 

SOLIDS 

OF 

TION 

SIUC 

BONATE 

BONATE 

AS 

DIOXIDE 

SULFATE 

RIDE 

RIDE 

SILICA 

CONSTI- 

(TONS 

1  SAMPLE 

RATIO 

(K) 

(HC03) 

(C03) 

CAC03 

(CU2) 

(S04) 

(CD 

(F) 

(SI02) 

TUENTS) 

PER 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

AC-FT) 

75-11-19 

5.5 

22 

535 

0 

439 

8.6 

3200 

28 

.2 

6.2 

4800 

6.53 

75-12-11 

5.3 

20 

658 

0 

540 

33 

3000 

29 

.3 

16 

4720 

6.42 

176-01-15 

4.7 

19 

762 

0 

625 

31 

2500 

3. 

8 

.a 

22 

4120 

5.60 

76-02-12 

4.5 

19 

681 

0 

559 

34 

2500 

26 

.3 

22 

4020 

5.47 

76-03-11 

3.6 

11 

470 

0 

386 

24 

1700 

16 

.3 

15 

2750 

3.74 

76-04-14 

3.5 

12 

406 

0 

333 

6.5 

1500 

20 

.2 

.5 

2390 

3.25 

'76-05-11 

3.9 

11 

350 

0 

287 

4.4 

1900 

18 

.3 

.4 

2870 

3.90 

76-06-09 

3.9 

11 

287 

0 

235 

3.6 

1900 

17 

.2 

6.6 

2880 

3.92 

77-01-06 

3.7 

16 

1010 

0 

828 

128 

2000 

61 

.4 

39 

3640 

4.95 

77-03-02 

4.1 

20 

559 

0 

459 

56 

2200 

27 

.2 

20 

3500 

4.76 

77-04-06 

2.9 

8. 

8 

310 

0 

250 

6.2 

1300 

18 

.2 

7.9 

2050 

2.79 

77-05-03 

3.4 

8. 

1 

320 

0 

260 

6.4 

1600 

21 

.2 

11 

2460 

3.35 

75-11-13 

7.7 

9. 

3 

637 

0 

522 

16 

1100 

9. 

5 

.4 

16 

2130 

2.90 

75-12-09 

7.2 

8. 

8 

608 

0 

499 

19 

1000 

8. 

9 

.3 

15 

1970 

2.68 

76-01-13 

7.4 

9. 

1 

621 

0 

509 

16 

1000 

7. 

0 

.3 

14 

1960 

2.67 

76-02-11 

5.6 

10 

244 

0 

200 

9.8 

470 

5. 

6 

.2 

5.5 

888 

1.21 

76-03-09 

6.6 

9. 

2 

369 

0 

303 

9.4 

820 

7. 

2 

.3 

7.6 

1480 

2.01 

(76-04-13 

7.2 

9. 

9 

614 

0 

504 

16 

1000 

8. 

1 

.3 

15 

1950 

2.65 

76-05-10 

9.7 

10 

501 

0 

411 

4.0 

1300 

9. 

5 

.4 

6.1 

2270 

3.09 

(76-06-06 

9.6 

10 

531 

0 

436 

8.5 

1300 

9. 

1 

.3 

6.5 

2310 

3.14 

76-07-13 

9.5 

12 

502 

0 

412 

6.4 

1300 

9. 

8 

.4 

4.7 

2300 

3.13 

176-08-11 

7.1 

11 

545 

0 

447 

11 

1100 

8. 

8 

.3 

14 

2060 

2.80 

76-10-07 

7.7 

12 

540 

0 

443 

6.9 

1200 

12 

.4 

15 

2210 

3.01 

J76-12-02 

7.9 

10 

729 

0 

598 

7.4 

1300 

11 

.4 

15 

2470 

3.36 

77-01-06 

7.8 

9. 

5 

663 

0 

560 

35 

1100 

8. 

7 

.4 

18 

2190 

2.98 

77-02-02 

7.3 

8. 

0 

661 

0 

542 

33 

1100 

8. 

4 

.4 

17 

2140 

2.91 

77-03-01 

7.7 

6. 

4 

620 

0 

509 

25 

1100 

8. 

9 

.3 

14 

2110 

2.87 

77-04-05 

8.1 

8. 

8 

605 

0 

500 

9.7 

1100 

8. 

6 

.3 

11 

2100 

2.66 

77-05-03 

6.8 

9. 

4 

720 

0 

590 

7.3 

1300 

8. 

7 

.4 

14 

2470 

3.36 

75-12-10 

6.8 

22 

716 

0 

587 

11 

2200 

17 

.5 

18 

3720 

5.06 

76-01-14 

7.7 

23 

827 

0 

678 

42 

3000 

14 

.6 

17 

4770 

6.49 

76-02-12 

7.1 

20 

681 

0 

559 

17 

2200 

14 

.5 

14 

3650 

4.96 

76-03-11 

6.5 

17 

613 

0 

503 

12 

2000 

12 

.5 

11 

3290 

4.47 

76-04-14 

8.3 

23 

722 

0 

592 

9.2 

2700 

18 

.6 

13 

4420 

6.01 

176-05-11 

7.6 

21 

636 

0 

523 

8.1 

2400 

15 

.5 

7.8 

3910 

5.32 

176-06-09 

7.8 

20 

597 

0 

490 

15 

2700 

14 

.4 

13 

4200 

5.71 

76-07-14 

9.5 

26 

959 

0 

787 

24 

3100 

14 

.6 

24 

5160 

7.02 

77-01-07 

9.9 

23 

1110 

0 

910 

71 

4000 

26 

.7 

19 

6430 

8.74 

77-02-02 

8.4 

21 

853 

0 

700 

34 

3200 

21 

.6 

17 

5180 

7.04 

77-03-02 

6.7 

18 

553 

0 

454 

56 

2200 

14 

.4 

12 

3520 

4.79 

'77-04-06 

7.0 

17 

510 

0 

420 

4.1 

2100 

15 

.6 

9.6 

3340 

4.54 

77-05-02 

8.8 

24 

770 

0 

630 

7.8 

3200 

20 

.7 

7.5 

5100 

6.94 

75-12-10 

14 

21 

961 

0 

788 

15 

3600 

26 

.6 

13 

5950 

6.09 

76-02-24 

7.2 

17 

544 

0 

446 

8.7 

1800 

23 

.3 

9.4 

2980 

4.05 

76-03-10 

8.2 

15 

572 

0 

469 

7.3 

2000 

12 

.4 

8.1 

3280 

4.46 

76-04-15 

9.5 

17 

650 

0 

533 

10 

2200 

14 

.4 

2.6 

3690 

5.02 

76-05-11 

9.7 

20 

702 

0 

576 

4.5 

2600 

15 

.5 

4.7 

4240 

5.77 

76-06-09 

11 

17 

464 

0 

381 

4.7 

3100 

15 

.4 

.5 

4560 

6.23 

77-03-02 

7.5 

19 

433 

0 

355 

55 

1700 

13 

.2 

11 

2750 

3.74 

77-04-06 

8.5 

13 

480 

0 

390 

3.8 

1900 

14 

.5 

8.0 

3070 

4.  18 

10 


21 


670 


550 


5.4 


3000 


17 


4.7 


4710 


6.41 
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Table  69  (-Chemical  and  spectographic  analyses  of  water  samples  from  streams  in  the  vicinity  of  the  Pumpkin  Creek  study  area continued 


TOTAL 

DIS- 

TOTAL 

TOTAL 

TOTAL 

KJEL- 

DIS- 

SOLVED 

NITRITE 

AMMONIA 

ORGANIC 

DAHL 

TOTAL 

TOTAL 

TOTAL 

TOTAL 

SOLVED 

DIS- 

DATE 

SOLIDS 

PLUS 

NITRO- 

NITRO- 

NITRO- 

NITRO- 

NITRO- 

PHOS- 

ALUM- 

ALUM- 

TOTAL 

SOLVED 

OF 

(TONS 

NITRATE 

GEN 

GEN 

GEN 

GEN 

GEN 

PHORUS 

INUM 

INUM 

ARSENIC 

ARSENIC 

SAMPLE 

PER 

(N) 

(N) 

(N) 

(N) 

(N) 

(N03) 

(P) 

(AL) 

(AL) 

(AS) 

(AS) 

DAY) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

75-11-19 

1.30 

.02 

.00 

1.7 

1.7 

1.7 

7.6 

.04 

90 

0 

2 

2 

75-12-11 

2.80 

.00 

.01 

1.3 

1.3 

1.3 

5.8 

.03 

— 

— 

— 

— 

76-01-15 

1.11 

.02 

.13 

1.1 

1.2 

1.2 

5.4 

.21 

80 

— 

1 

— 

76-02-12 

4.02 

.01 

1.2 

1.8 

3.0 

3.0 

13 

.24 

-- 

— 

— 

-- 

76-03-11 

2.23 

.04 

.24 

1.1 

1.3 

1.3 

5.9 

.04 

-- 

-- 

-- 

— 

76-04-14 

1.94 

.00 

.00 

1.0 

1.0 

1.0 

4.4 

.04 

20 

__ 

1 

__ 

76-05-U 

1.47 

.03 

.04 

1.1 

1.1 

1.1 

5.0 

.04 

-- 

-- 

-. 

-- 

76-06-09 

.39 

.02 

.09 

.91 

1.0 

1.0 

4.5 

.05 

— 

— 

« 

— 

77-01-06 

.10 

.01 

.29 

1.3 

1.6 

1.6 

7.1 

.30 

-- 

30 

-- 

10 

77-03-02 

.09 

.01 

1.5 

.70 

i.2 

l.i 

9.8 

.09 

-- 

— 

-- 

— 

77-04-06 

3.60 

.05 

.00 

.55 

.55 

.60 

2.7 

.05 

-- 

10 

__ 

0 

77-05-03 

.27 

.01 

.05 

.47 

.52 

.53 

2.3 

.03 

-- 

— 

-- 

" 

75-11-13 

.58 

.01 

.02 

.29 

.31 

.32 

1.4 

.00 

60 

40 

1 

1 

75-12-09 

.53 

.00 

.02 

.31 

.33 

.33 

1.5 

.00 

-- 

-- 

-- 

— 

76-01-13 

.74 

.02 

.04 

.09 

.13 

.15 

.66 

.00 

50 

— 

0 

— 

76-02-11 

10.1 

.03 

.00 

1.7 

1.7 

1.7 

7.7 

.16 

-- 

_. 

._ 

__ 

76-03-09 

5.59 

.01 

.02 

1.5 

1.5 

1.5 

6.7 

.09 

— 

-- 

-- 

-- 

76-04-13 

1.32 

.00 

-- 

— 

-- 

-- 

-- 

.02 

150 

— 

1 

-- 

76-05-10 

54.5 

.01 

.02 

.90 

.92 

.93 

4.1 

.10 

— 

« 

~ 

« 

76-06-08 

2.81 

.01 

.01 

.67 

.68 

.69 

3.1 

.04 

-- 

-- 

— 

~ 

76-07-13 

14.3 

.02 

.01 

.75 

.76 

.78 

3.5 

.07 

350 

.. 

3 

-- 

76-08-11 

.45 

.01 

.00. 

.25 

.25 

.26 

1.2 

.01 

-- 

-- 

-- 

— 

76-10-07 

.30 

.00 

.00 

.76 

.76 

.76 

3.4 

.03 

-- 

10 

--  . 

1 

76-12-02 

.13 

.03 

.02 

.91 

.93 

.96 

4.3 

.05 

120 

0 

0 

0 

77-01-06 

.59 

.01 

.01 

.20 

.21 

.22 

.97 

.04 

-- 

0 

-- 

1 

77-02-02 

1.73 

.01 

.21 

.05 

.26 

.27 

1.2 

.01 

.- 

__ 

.- 

__ 

77-03-01 

.28 

.03 

.00 

.38 

.38 

.41 

1.8 

.02 

— 

— 

-- 

— 

77-04-05 

.28 

.03 

.00 

.20 

.20 

.23 

1.0 

.02 

-- 

20 

-- 

0 

77-05-03 

.13 

.02 

.01 

.10 

.11 

.13 

.58 

.01 

-- 

— 

-- 

-- 

75-12-10 

3.01 

.07 

.02 

.95 

.97 

1.0 

4.6 

.05 

-- 

-- 

-- 

-- 

76-01-14 

1.67 

.03 

.13 

1.2 

1.3 

1.3 

5.9 

.03 

130 

-- 

0 

— 

76-02-12 

4.14 

.01 

.00 

.87 

.87 

.88 

3.9 

.02 

-- 

-- 

-- 

-- 

76-03-11 

2.75i 

.01 

.04 

.62 

.60 

.67 

3.0 

.01 

-- 

-- 

-- 

-- 

76-04-14 

2.98 

.00 

.00 

1.5 

1.5 

1.5 

6.6 

.07 

340 

— 

3 

-- 

76-05-11 

3.17 

.02 

.03 

1.1 

1.1 

1.1 

5.0 

.04 

-- 

-- 

-- 

-- 

76-06-09 

.57 

.13 

.03 

1.1 

1.1 

1.2 

5.4 

.09 

.- 

-- 

-. 

— 

76-07-14 

.28 

.01 

.01 

1.5 

1.5 

1.5 

6.7 

.45 

60 

— 

18 

— 

77-01-07 

.17 

.06 

1.1 

1.0 

2.1 

2.Z 

9.6 

.75 

-- 

0 

-- 

10 

77-02-02 

.14 

.03 

.78 

.72 

1.5 

1.5 

6.8 

.37 

-- 

" 

-- 

— 

77-03-02 

.48 

.01 

.00 

.58 

.58 

.59 

2.6 

.03 

-- 

-- 

»■ 

-- 

77-04-06 
77-05-02 

10.8 
.69 

.01 
.01 

.02 
.00 

.59 
.61 

.61 

.61 

.62 
.62 

2.7 
2.7 

.06 
.06 

-- 

20 

__ 

0 

75-12-10 
76-02-24 
76-03-10 

1.61 
13.7 
40.7 

.03 
.01 
.01 

.04 
.02 
.04 

1.2 
1.1 
.92 

1.2 
1.1 
.96 

1.2 
1.1 
.97 

5.4 
4.9 
4.3 

.02 
.03 
.05 

— 

— 

— 

— 

76-04-15 
76-05-11 
76-0b-09 
77-03-02 
77-04-06 

20.3 
34.3 
.25 
7.43 
26.5 

.00 
.02 
.21 
.06 
.02 

.02 
.02 
.03 
.14 
.01 

.98 
1.2 

1.1 
1.1 
.85 

1.0 
1.2 
1.1 
1.2 
.86 

1.0 
1.2 
1.3 
1.3 

.88 

4.4 
5.4 
5.8 
5.6 
3.9 

.14 
.07 
.04 
.08 
.04 

50 

20 

1 

0 

77-05-03 

2.54 

.03 

.00 

.68 

.68 

.71 

3.1 

.02 

— 

— 

— 

— 
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Table  69  -Chemical  and  spectographic  analyses  of  water  samples  from  streams  In  the  vicinity  of  the  Pumpkin  Creek  study  area—continued 


DIS- 

DIS- 

DIS- 

TOTAL 

SOLVED 

DIS- 

TOTAL 

SOLVED 

TOTAL 

SOLVED 

DIS- 

DATE 

BERYL- 

BERYL- 

SOLVED 

CAD- 

CAD- 

CHRO- 

CHRO- 

TOTAL 

SOLVED 

TOTAL 

OF 

LIUM 

LIUM 

BORON 

MIUM 

MIUM 

MIUM 

MIUM 

COPPER 

COPPER 

IRON 

SAMPLE 

(BE) 

(BE) 

(3) 

(CD) 

(CD) 

(CR) 

(CR) 

(CU) 

(CU) 

(FE) 

(UG/L) 

(UG/L) 

(Uu/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

75-11-19 

10 

10 

430 

<10 

0 

20 

20 

20 

0 

260 

75-12-11 

— 

-- 

420 

-- 

-- 

-- 

-- 

-- 

— 

-- 

76-01-15 

0 

-- 

340 

<10 

— 

0 

-- 

20 

— 

940 

76-02-12 

— 

-- 

350 

-- 

-- 

-- 

— 

— 

-- 

-- 

76-03-11 

-- 

-- 

0 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

76-04-14 

0 

-- 

290 

<10 

-- 

10 

— 

10 

-. 

180 

76-05-11 

-- 

— 

350 

-- 

-- 

-- 

— 

— 

-- 

-- 

76-06-09 

-- 

-- 

530 

-- 

-- 

-- 

— 

-- 

— 

-- 

77-01-06 

« 

0 

450 

-- 

4 

-- 

10 

-- 

1 

-- 

77-03-02 

-- 

— 

300 

-- 

-- 

-- 

— 

-- 

-- 

— 

77-04-06 



0 

220 

— 

1 

— 

0 

— 

1 

-_ 

77-05-03 

— 

— 

340 

— 

— 

-- 

-- 

-- 

-- 

— 

75-11-13 

10 

0 

350 

ao 

1 

45 

0 

10 

0 

280 

75-12-09 

-- 

-- 

270 

-- 

-- 

-- 

— 

-- 

— 

-- 

76-01-13 

0 

— 

350 

<10 

-- 

0 

-- 

10 

-- 

360 

76-02-11 

-- 

— 

240 

-- 

-. 

.- 

-_ 



__ 

__ 

76-03-09 

-- 

-- 

240 

-- 

-- 

-- 

— 

— 

-- 

-- 

76-04-13 

0 

— 

300 

<10 

— 

0 

— 

10 

— 

60  0 

76-05-10 

-- 

-- 

290 

-- 

-- 

-- 

— 

-- 

— 

-- 

76-06-08 

-- 

— 

420 

— 

-- 

-- 

-- 

-- 

— 

-- 

76-07-13 

0 

-. 

370 

<10 

-_ 

0 



10 

__ 

500 

76-08-11 

-- 

— 

350 

-- 

-- 

-- 

— 

— 

-- 

-- 

76-10-07 

-- 

10 

350 

-- 

1 

-- 

10 

— 

2 

— 

76-12-02 

0 

0 

360 

10 

1 

20 

20 

<10 

0 

990 

77-01-06 

-- 

10 

300 

-- 

1 

-- 

0 

-- 

2 

-- 

77-02-02 

-. 

— 

290 

.. 

-. 

.- 

-- 



_- 

__ 

77-03-01 

-- 

— 

290 

-- 

-- 

-- 

-- 

— 

— 

-- 

77-04-05 

— 

0 

310 

-- 

2 

-- 

0 

— 

2 

-- 

77-05-03 

-- 

-- 

420 

-- 

-- 

-- 

— 

— 

-- 

— 

75-12-10 

— 

-- 

1100 

-- 

-- 

-- 

-- 

-- 

-- 

— 

76-01-14 

0 

— 

1300 

10 

-- 

0 

— 

10 

.. 

560 

76-02-12 

-- 

-- 

1100 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

70-03-11 

-- 

— 

1000 

-- 

-- 

-- 

-- 

-- 

— 

— 

76-04-14 

10 

— 

1200 

<10 

-- 

10 

« 

20 

— 

1200 

76-05-11 

-- 

— 

1100 

-- 

-- 

— 

-- 

-- 

-- 

-- 

76-06-09 

-- 

-- 

1500 

_- 

__ 

__ 

__ 

-_ 

__ 

__ 

76-07-14 

0 

— 

1800 

10 

-- 

10 

— 

10 

-- 

550 

77-01-07 

-- 

0 

1200 

— 

5 

— 

20 

-- 

0 

-- 

77-02-02 

-- 

-- 

1100 

-- 

-- 

— 

-- 

— 

— 

-- 

77-03-02 

-- 

— 

890 

-- 

— 

— 

— 

— 

— 

— 

77-04-06 

-. 

0 

910 

-- 

2 

-. 

0 

__ 

2 

__ 

77-05-02 

-- 

— 

1500 

-- 

— 

-- 

-- 

-- 

-- 

— 

75-12-10 

-- 

— 

960 

-- 

-- 

-- 

-- 

— 

— 

-- 

76-02-24 

-- 

-- 

540 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

76-03-10 

-- 

— 

520 

— 

— 

— 

— 

— 

— 

— 

76-04-15 

0 

— 

450 

<10 

_« 

10 

__ 

10 

__ 

380 

76-05-11 

-- 

— 

840 

— 

-- 

-- 

-- 

-- 

— 

— 

7b-0o-09 

-- 

-- 

eeo 

-- 

-- 

-- 

-- 

-- 

-- 

-_ 

77-03-02 

-- 

-- 

470 

-- 

— 

.- 

-- 

-- 

— 

— 

77-04-06 

-- 

0 

580 

-- 

1 

— 

0 

— 

2 

— 

77-05-03 

— 

— 

840 

-- 

— 

" 

— 

— 

— 

— 

Table  69 
Sheet  6  of  7 

Table  69  -Chemical  and  spectographic  analyses  of  water  samples  from  streams  in  the  vicinity  of  the  Pumpkin  Creek  study  area — continued 


DIS- 

DIS- 

DIS- 

DIS- 

DIS- 

TOTAL 

SOLVED 

DIS- 

TUIAL 

SOLVED 

DATE 

SOLVED 

TOTAL 

SOLVED 

TOTAL 

SOLVED 

MAN- 

MAN- 

TOTAL 

SOLVED 

MOLYB- 

MOLYd- 

TOTAL 

OF 

IRON 

LEAD 

LEAD 

LITHIUM 

LITHIUM 

GANESE 

GANESE 

MERCURY 

MERCURY 

DENUM 

DENUM 

NICKEL 

SAMPLE 

(FE) 

(PB) 

(PB) 

(LI) 

(LI) 

(MN) 

(MN) 

(HG) 

(HG) 

(MO) 

(MO) 

(NI) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

75-11-19 

40 

<100 

1 

120 

110 

70 

90 

.0 

.0 

1 

1 

<50 

75-12-11 

100 

-- 

-- 

-- 

— 

-- 

-- 

-- 

-- 

-- 

-- 

__ 

76-01-15 

370 

<100 

-- 

110 

-- 

7100 

-- 

.0 

— 

0 

-- 

<50 

76-02-12 

230 

-- 

— 

-- 

-- 

-- 

-- 

— 

-- 

— 

— 

— 

76-03-11 

160 

-- 

-- 

— 

— 

-- 

-- 

-- 

-- 

— 

— 

— 

76-04-14 

80 

<100 

-. 

60 

-- 

60 



.0 

-- 

0 

__ 

<50 

76-05-11 

60 

— 

-- 

-- 

-- 

-- 

-- 

— 

-- 

— 

— 

— 

76-06-09 

40 

— 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

77-01-06 

540 

— 

30 

-- 

100 

— 

6600 

— 

.0 

-- 

0 

— 

77-03-02 

170 

— 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

— 

77-04-06 

60 

-- 

5 

— 

50 

— 

190 



.0 

-- 

1 

__ 

77-05-03 

70 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

75-11-13 

20 

<100 

7 

30 

40 

280 

270 

.0 

.0 

2 

0 

<50 

75-12-09 

30 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

— 

-- 

-- 

-- 

76-01-13 

320 

<100 

-- 

40 

-- 

970 

-- 

.1 

— 

0 

-- 

<50 

76-02-11 

230 

-_ 

— 

— 

-- 

-- 

-- 

-- 

-- 

-. 

-_ 

_- 

76-03-09 

110 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

76-04-13 

30 

<100 

-- 

30 

-- 

780 

-- 

.0 

-- 

2 

-- 

<50 

76-05-10 

10 

— 

-- 

— 

— 

-- 

-- 

-- 

-- 

— 

-- 

— 

76-06-08 

10 

-- 

-- 

-- 

-- 

-- 

— 

-- 

-- 

-- 

-- 

-- 

76-07-13 

60 

<100 

— 

40 

— 

150 

-- 

.0 

-- 

2 

-. 

50 

76-08-11 

100 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

76-10-07 

130 

-- 

4 

-- 

40 

-- 

340 

-- 

.0 

-- 

0 

-- 

76-12-02 

170 

<100 

2 

40 

40 

1700 

1  700 

.0 

.2 

1 

1 

200 

77-01-06 

110 

— 

2 

-- 

40 

— 

1800 

-- 

.0 

-- 

0 

— 

77-02-02 

220 

-- 

-_ 

.- 

_- 

— 

.- 

-- 

— 

-. 

-- 

— 

77-03-01 

170 

-- 

-- 

-- 

-- 

-- 

— 

-- 

-- 

— 

— 

-- 

77-04-05 

40 

-- 

6 

— 

40 

-- 

510 

— 

.0 

-- 

1 

— 

77-05-03 

20 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

75-12-10 

60 

— 

-- 

-- 

-- 

— 

-- 

— 

— 

— 

-- 

-- 

76-01-14 

120 

<100 

-- 

160 

— 

180 

-. 

.0 

-- 

2 

-- 

50 

76-02-12 

120 

— 

-- 

-- 

-- 

-- 

— 

— 

-- 

-- 

-- 

-- 

76-03-11 

30 

-- 

-- 

— 

-- 

-- 

-- 

-- 

— 

— 

-- 

— 

76-04-14 

40 

<100 

— 

140 

— 

450 

-- 

•  0 

-- 

4 

-- 

50 

76-05-11 

40 

— 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

76-06-09 

30 

__ 

__ 

-. 



— 

-_ 

_- 

-- 

-- 

-- 

— 

76-07-14 

160 

<100 

-- 

20 

-- 

4500 

— 

.0 

-- 

2 

-- 

100 

77-01-07 

13000 

-- 

35 

— 

190 

-- 

8500 

-- 

.0 

— 

2 

— 

77-02-02 

7000 

-- 

-- 

— 

-- 

— 

-- 

— 

— 

— 

-- 

-- 

77-03-02 

150 

-- 

— 

— 

— 

— 

-- 

-- 

-- 

-- 

-- 

-- 

77-04-06 

40 

-. 

7 

-- 

110 

— 

80 

— 

.0 

-- 

3 

— 

77-05-02 

30 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

75-12-10 

60 

— 

-- 

-- 

— 

— 

-- 

-- 

-- 

-- 

-- 

-- 

76-02-24 

70 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-— 

—  — 

76-03-10 

90 

-- 

-- 

-- 

-- 

- - 

— — 

—  — 

—  — 

*— 

— — 

■" 

76-04-15 

70 

<100 

-- 

100 

— 

150 

— 

.0 

-- 

4 

— 

50 

76-05-11 

40 

-- 

— 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

mm 

76-06-09 

10 

-- 

-- 

-- 

— 

-- 

-- 

-- 

-- 

-- 

— - 

mm 

77-03-02 

350 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

mm 

77-04-06 

40 

-- 

5 

— 

60 

— 

50 

-- 

.0 

-- 

0 

mm 

50 
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Table  69  -Chemical  and  spectographic  analyses  of  water  samples  from  streams  in  the  vicinity  of  the  Pumpkin  Creek  study  area — continued 

SUS- 

DIS-      OIS-  PENDED 

OIS-     TOTAL     SOLVED    SOLVED  DIS-      SUS-     StOI- 

DATE      SOLVED    SELE-     SELE-     VANA-     TOTAL     SOLVED    PENDED     MENT 

°*.TE      Z,rlc7  mtmm      NTIIH      DIUM      ZINC      ZINC     SEDI-      UlS- 


Oh 


NICKEL     NIUM      NIUM      DIUM      ZINC 


SAMPLE      (NX)      (SE)      (SE)      (V)       (ZN)      (ZN)      MENT     CHARGE 
(J!")    CUG/U    CUG/L)    (UG/L)    (UG/L)    CUG/L)    (MG/L)   (T/DAY) 


76-04-14 
76-05-11 
7b-06-0° 
77-01-06 
77-03-02 

77-04-06 
77-05-03 


75-12-10 

76-01-11 
76-02-12 
76-03-11 
76-04-14 
76-05-11 

76-06-09 
76-07-14 
77-01-07 
77-02-02 
77-03-02 

77-04-06 
77-05-02 


76-03-10 

76-04-15 
76-05-11 
76-06-09 
77-03-02 
77-04-06 

77-05-03 


.4        30        30        17  .01 

38  .02 

30        —       384  .10 

377  .38 


75-11-19         4         0         u 

75-12-11 

76-01-15       --        ° 

76-02-12       "       "       —        "-       __       __      ^35      ^03 

76-03-11 

0  0        —        10       .01 

6        .00 


.1      —      10 
.0        —        10 


75-11-13         3         0 

75-12-09 

76-01-13        —         0 


76-02-11 
76-03-09 


76-06-08 

76-07-13 
76-08-11 

76-10-07  7 
76-12-02  6 
77-01-06         6 

77-02-02 
77-03-01 

77-04-05  e 
7  7-05-03 --_ 


0 

.7 

0 

.0 

0 

.0 

20 


20 


160       .02 


~~ 0         6"        61  .02 

12  .00 

30        —        H  -02 

19  .22 

23  .09 

57  .04 


76-04-13        —         0        —  ..        70      1  7 

76-05-10        -        "        "        ~        "        __        92       ;n 


20        —        50       .31 
30       .01 

20 
10        20 

10 


.00 


30        --       225  .08 

42  .05 

27  .02 

0        --        87  .06 

37  .03 

36  .01 

20        —       167  .01 
20 


20 


41       .01 


75-12-10        "        "        "        '__  __        __        12       >0fe 

I6"0!"2?        -"  I!        12       .15 


15       .08 

74       .60 

177       .01 


Table   70 


Table    70  -Chemical  analyses  of  water  samples   from  selected   stock  reserviors 


STATION       NUMBER 


STATION       NAME 


453812105403001  02S49E28AAD 

453652105383001  02S49E35DCB 

453438105391701  03S49E15AD 

453256105421001  03S49E29ACC 


ELEV. 

SPE- 

OF LAND 

CIFIC 

SURFACE 

CON- 

DATE 

SAMP- 

DATUM 

DUCT- 

OF 

LING 

(FT. 

ANCE 

SAMPLE 

TIME 

DEPTH 
(FT) 

ABOVE 
MSL) 

(MICRO 
MHOS; 

STOCK 

RESERVOIR 

PC 

77-06-08 

0915 

1.0 

3485 

95 

STOCK 

RESERVOIR 

PC 

77-06-07 

1930 

1.0 

3490 

153 

STOCK 

RESERVOIR 

PC 

77-06-08 

1600 

1.0 

3485 

36 

STOCK 

RESERVOIR 

PC 

77-06-08 

1500 

1.0 

3525 

75 

DIS- 

DIS- 

NUN- 

DIS- 

SOLVED 

SODIUM 

SOLVED 

CAR- 

SOLVED 

MAG- 

DIS- 

AD- 

PO- 

DATE 

AIR 

TUR- 

HARD- 

HONATE 

CAL- 

NE- 

SOLVED 

SORP- 

TAS- 

OF 

PH 

TEMPER- 

TEMPER- 

BID- 

NESS 

HARD- 

CIUM 

SIUM 

SODIUM 

PERCENT 

TION 

SIUM 

SAMPLE 

ATURE 

ATURE 

ITY 

(CA,MG) 

NESS 

(CA) 

(MG) 

(NA) 

SODIUM 

RATIO 

(K) 

(UNITS) 

(DEG  C) 

(DEG  C) 

(JTU) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

77-06-08 

9.9 

25.5 

22.8 

2 

140 

35 

23 

20 

150 

69 

5.5 

6.4 

77-06-07 

9.1 

28.0 

26.9 

3 

550 

410 

67 

93 

150 

37 

2.6 

4. to 

77-06-08 

10.5 

27.5 

25.0 

3 

130 

37 

19 

20 

20 

24 

.8 

9.0 

77-06-08 

10.3 

29.5 

25.6 

7 

150 

0 

18 

25 

110 

60 

3.9 

11 

DIS- 

DIS- 

DIS- 

SOLVED 

DIS- 

TOTAL 

TOTAL 

ALKA- 

DIS- 

SOLVED 

SOLVED 

DIS- 

SOLIDS 

SOLVED 

NITRITE 

AMMONIA 

DATE 

BICAR- 

CAR- 

LINITY 

CARBON 

SOLVtD 

CHLO- 

FLUO- 

SOLVED 

(SUM  OF 

SOLIDS 

PLUS 

NITRO- 

OF 

BONATE 

BONATE 

AS 

DIOXIDE 

SULFATE 

RIDE 

RIDE 

SILICA 

CONSTI- 

(TONS 

NITRATE 

GEN 

SAMPLE 

(HC03) 

(C03) 

CAC03 

(C02) 

(S04) 

(CD 

(F) 

(SI02) 

TUENTS) 

PER 

(N) 

(N) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

AC-FT) 

(MG/L) 

(MG/L) 

77-06-06 

77 

25 

100 

.0 

370 

.7 

.4 

5.3 

639 

.67 

.01 

.03 

77-06-07 

150 

13 

140 

.2 

700 

3.7 

.1 

.5 

1030 

1.40 

.01 

.02 

77-06-08 

99 

7 

93 

.0 

91 

3.2 

.8 

1.3 

220 

.30 

.00 

.01 

77-06-06 

120 

40 

170 

.0 

230 

2.7 

.4 

.2 

497 

.68 

.00 

.01 

TOTAL 

TOTAL 

KJEL- 

ORGANIC 

DAHL 

TOTAL 

TOTAL 

TOTAL 

DIS- 

DIS- 

DATE 

NITRO- 

NITRO- 

NITRO- 

NITRO- 

PHOS- 

SOLVED 

SOLVED 

OF 

GEN 

GEN 

GEN 

GEN 

PHORUS 

BORON 

IRON 

SAMPLE 

(N) 

(N) 

(N) 

(N03) 

(P) 

(B) 

(FE) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(UG/L) 

(UG/L) 

77-06-06 

.46 

.49 

.50 

2.2 

.02 

30 

30 

77-06-07 

.69 

.71 

.72 

S.2 

.03 

440 

30 

77-06-06 

1.7 

1.7 

1.7 

7.5 

.05 

80 

30 

77-06-06 

2.2 

2.2 

2.2 

9.7 

.09 

100 

20 
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Table  71  -Chemical  and  radiochemical  analyses  of  water  samples  from  wells  and  springs 


ELEV. 

OF  LAND 

TOTAL 

SURFACE 

SAMPLE 

DATE 

SAMP- 

DEPTH 

DATUM 

NUMBER 

OF 

LING 

OF 

(FT. 

(FIG. 6) 

STATION   NAME 

SAMPLE 

TIME 

DEPTH 
(FT) 

WELL 
(FT) 

ABOVE 
MSL) 

1 

02S49E22DCCA  1 

PWK-01 

(SAWYER-"A") 

PC 

77-05-04 

173U 

108 

118 

3488 

2 

02S49E22DCCA  a 

PWW-01C 

(SAWYER-"A") 

PC 

77-05-05 

1215 

110 

115 

3489 

3 

02S49E26AACA 

STOCK  WELL 

(SANDSTONE) 

PC 

76-06-29 

1205 

150 

200 

3440 

4 

03S49E03DADB 

STOCK  WELL 

(COMPOSITE) 

PC 

76-07-01 

0920 

144 

— 

3570 

5 

03S49E07UBDA 

PWW-05 

(SANDSTONE) 

PC 

77-05-24 

1000 

130 

138 

3418 

6 

03S49E06ADAC 

PWW-07 

(SArtYER-"A") 

PC 

77-06-07 

1800 

150 

165 

3510 

7 

03S49E08CCBD 

STOCK  WELL 

(SANDSTONE) 

PC 

77-05-24 

1300 

140 

180 

3390 

8 

03S49E11BADC 

STOCK  WELL 

(SAwYER-"A"  i, 

CKR) 

PC 

75-12-03 

1400 

7.0 

50 

3465 

9 

03S49E12CAAA 

STOCK  WELL 

(SANDSTONE  & 

COAL) 

PC 

76-07-14 

1130 

32 

100 

3395 

10 

03S49E13DADA 

STOCK  WELL 

(COMPOSITE) 

PC 

76-07-14 

1430 

113 

205 

3433 

11 

03S49E17CC0A 

STOCK  WELL 

(SAWYER-"A"  4 

SS) 

PC 

77-06-08 

1145 

139 

180 

3420 

12 

03S49E19BAD6 

STOCK  WELL 

(COMPOSITE) 

PC 

76-07-13 

1230 

115 

135 

3395 

13 

03S49E21BCCB 

SPRING 

(COAL) 

PC 

77-06-08 

1415 

— 

— 

3474 

14 

03S49E23DADC 

STOCK  WELL 

(SANDSTONE) 

PC 

75-11-12 

1300 

38 

110 

3386 

15 

03S49E30CCDC 

STOCK  WELL 

(COMPOSITE) 

PC 

76-04-21 

1500 

61 

165 

3438 

16 

03S49E34ABCC 

SPRING 

("A") 

PC 

77-06-00 

1550 

__ 



3407 

17 

03S49E35DCAD 

STOCK  rtELL 

(COMPOSITE) 

PC 

75-11-12 

1130 

36 

120 

3378 

SPE- 

DIS- 

DIS- 

CIFIC 

NON- 

DIS- 

SOLVED 

SODIUM 

SOLVED 

CON- 

CAR- 

SOLVED 

MAG- 

DIS- 

AD- 

PO- 

DUCT- 

HARD- 

BONATE 

CAL- 

NE- 

SOLVED 

SORP- 

TAS- 

SAMPLE 

FLOW 

ANCE 

PH 

TEMPER- 

NESS 

HARD- 

CIJM 

SIUM 

SODIUM 

PERCENT 

TION 

SIUM 

NUMBER 

RATE 

(MICRO- 

ATURE 

(CA,MG) 

NESS 

(CA) 

(MG) 

(NA) 

SODIUM 

RATIO 

(K) 

(FIG. 6) 

(GPM) 

MHOS) 

(UNITS) 

(DEG  C) 

(MG/L) 

(MG/L) 

(KG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

1 

.50 

3740 

7.9* 

11.5 

160 

0 

36 

16 

910 

92 

32 

6.0 

2 

1.6 

3540 

8.0* 

11.4 

120 

0 

29 

11 

870 

94 

35 

5.6 

3 

10 

2420 

7.5 

10.0 

670 

120 

130 

85 

350 

53 

5.9 

7.5 

4 

2.0 

5350 

7.6 

9.5 

1200 

380 

210 

170 

970 

63 

12 

11 

5 

6.0 

5150 

6.8* 

11.2 

1900 

1400 

390 

220 

600 

41 

6.0 

11 

6 



3070 

8.1* 

10.8 

130 

0 

27 

14 

690 

92 

27 

6.5 

7 

— 

4450 

6.9* 

9.9 

1300 

710 

260 

160 

550 

48 

6.6 

12 

8 

1.6 

1780 

7.9 

8.5 

610 

320 

130 

70 

210 

42 

3.7 

9.4 

9 

2.5 

2090 

7.5 

8.5 

720 

330 

— 

87 

190 

8 

3.1 

6.2 

10 

3.0 

2150 

7.5 

10.0 

400 

0 

83 

47 

370 

6b 

8.0 

5.3 

11 

4.0 

2430 

8.1* 

11.0 

60 

0 

15 

5.3 

580 

95 

33 

3.3 

12 

2.0 

1690 

8.0 

12.0 

76 

0 

18 

7.6 

480 

93 

24 

3.8 

13 

— 

2180 

7.4* 

20.1 

600 

13 

110 

78 

330 

54 

5.8 

7.7 

14 

1.5 

634 

7.9 

8.0 

350 

0 

64 

47 

15 

8 

.3 

3.2 

15 

2.0 

5080 

7.6 

11.0 

910 

130 

190 

110 

1000 

70 

14 

8.5 

16 

2.0 

1750 

6.7* 

13.7 

419 

0 

b9 

60 

270 

58 

5.6 

6.6 

17 

6.0 

2930 

7.8 

10.5 

740 

130 

160 

83 

460 

57 

7.4 

9.1 

*pH  determined  in  field. 
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Table  71— Chemical  and  radiochemical  analyses  of  water  samples  from  wells  and  springs — continued 


DIS- 

TOTAL 

DIS- 

DIS- 

TOTAL 

SOLVED 

DIS- 

NON- 

TOTAL 

SOLVED 

SOLVED 

KJEL- 

SOLIDS 

SOLVED 

FILT- 

DIS- 

DIS- 

NIHTITE 

NITRITE 

AMMONIA 

DIS- 

DAHL 

TOTAL 

TOTAL 

(SUM  OF 

SOLIDS 

RABLE 

SOLVED 

SOLVED 

PLUS 

PLUS 

NITRO- 

SOLVED 

NITRO- 

NITRO- 

NITRO- 

SAMPLE 

CONSTI- 

(TONS 

RESIDUE 

NITRATE 

NITRATE 

NITRATE 

NITRATE 

GEN 

AMMONIA 

GEN 

GEN 

GEN 

NUMBER 

TUENTS) 

PER 

(N) 

(N03) 

(N) 

(N) 

(N) 

(NH4) 

(N) 

(N) 

(N03) 

( FIG. 6) 

(MG/L) 

AC-FT) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

1 

2620 

3.56 

160 

-- 

-- 

.07 

.51 

2.2 

2.8 

2.4 

2.5 

11 

2 

2150 

5.11 

-- 

-- 

-- 

.00 

.00 

2.2 

2.8 

2.2 

2.2 

9.7 

3 

1780 

-- 

-- 

.03 

.10 

-- 

-- 

-- 

--. 

--. 

4 

4340 

-- 

-- 

.10 

.40 

— 

-- 



_-  . 

-_ 

-   m 

*mm 

5 

4170 

5.67 

-- 

— 

-- 

.01 

.05 

2.1 

2.7 

1.9 

1.9 

8.5 

6 

2060 

-- 

_. 

.11 

.50 

__ 

__ 

-_. 

_-. 

__ 

_  m 

—  mt 

7 

3170 

4.31 

-- 

-- 

-- 

.88 

.88 

.86 

1.1 

.90 

1.8 

7.9 

8 

1370 

-- 

-- 

1.7 

7.5 

-- 

-- 

_- 

_- 

__ 

-  m- 

9 

1390 

-- 

-- 

<.02 

— 

-- 

-- 

__ 

_- 

-_. 

_  - 

_„ 

10 

1490 

— 

-- 

.35 

1.5 

— 

— 

-- 

-- 

-- 

11 

1640 

2.23 

-. 

-. 

__ 

.25 

.19 

1.1 

1.4 

1.5 

1.6 

7.7 

12 

1360 

-- 

-- 

.04 

.20 

-- 

-- 

— 

_. 

— 

-  - 

-_. 

13 

1580 

— 

— 

.44 

1.9 

— 

— 

— 

— 

_  - 

-_ 

14 

397 

mm 

-- 

.72 

3.2 

-- 

-- 

__ 

— 

— 

-  . 

— . 

15 

3990 

-- 

-- 

1.1 

4.9 

— 

-- 

— 

« 

— 



— 

16 

1160 

._ 

__ 

.25 

1.1 

__ 

__ 

__ 

— . 

__ 

_  _ 

—  —  . 

17 

2210 

— 

-- 

4.4 

19 

-- 

— 

— 

— 

_  - 

—  ■ 

DIS- 

DIS- 

TOTAL 

ALKA- 

TOTAL 

DIS- 

SOLVED 

SOLVED 

DIS- 

FILT- 

BICAR- 

CAR- 

LINITY 

CARBON 

SUL- 

SOLVED 

CHLO- 

FLUO- 

SOLVED 

RABLE 

SAMPLE 

BONATE 

BONATE 

AS 

DIOXIDE 

FIDE 

SULFATE 

RIDE 

RIDE 

BROMIDE 

IODIDE 

SILICA 

RESIDUE 

NUMBER 

(HC03) 

(C03) 

CAC03 

(C02) 

(S) 

(S04) 

(CD 

(F) 

(BR) 

(I) 

(SI02) 

(FIG. 6) 

(MG/L) 

"(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

1 

1560 

0 

1280 

31 

.6 

860 

9.5 

.8 

.1 

.01 

9.6 

2600 

2 

1560 

0 

1280 

25 

.2 

740 

9.0 

.9 

.1 

.00 

9.7 

-- 

3 

671 

0 

550 

34 

-- 

860 

4.5 

<.l 

— 

— 

10 

-- 

4 

1000 

0 

834 

40 

-- 

2400 

9.4 

.2 

— 

— 

8.1 

— 

5 

650 

0 

530 

165 

.7 

2600 

6.4 

.1 

.1 

.01 

11 

4600 

6 

930 

0 

760 

12 

2.0 

840 

21 

1.3 

-- 

__ 

9.4 

-. 

7 

730 

0 

600 

147 

.9 

1800 

5.7 

.9 

.1 

.01 

11 

— 

8 

357 

0 

292 

7.2 

— 

750 

7.7 

.6 

mm 

-- 

18 

-- 

9 

480 

0 

390 

24 

— 

710 

3.6 

.2 

-- 

~ 

12 

— 

10 

553 

0 

453 

28 

-- 

700 

5.1 

.2 

-- 

-- 

11 

— 

11 

670 

0 

550 

8.5 

.4 

660 

15 

.2 

.1 

.00 

8.7 

-. 

12 

795 

0 

652 

13 

-- 

430 

14 

.4 

-- 

-- 

10 

— 

13 

715 

0 

586 

46 

-- 

680 

8.0 

.4 

~ 

— 

13 

~ 

14 

428 

0 

351 

8.6 

-- 

38 

4.0 

.5 

-- 

-- 

14 

-- 

15 

947 

0 

776 

38 

-- 

2200 

18 

.4 

-- 

-- 

11 

-- 

16 

663 

0 

544 

212 

1.4 

430 

8.0 

.2 

-- 

-- 

9.0 

-. 

17 

740 

0 

608 

19 

— 

1100 

7.2 

<.l 

-- 

— 

10 

-- 
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1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 

15 

16 
17 


Table  71 -Chemical  and  radiochemical  analyses  of  water  samples  from  wells  and  springs — continued 


DIS- 

DIS- 

DIS- 

TOTAL 

rCJTAL 

SOLVED 

DIS- 

DIS- 

DIS- 

SOLVED 

SOLVED 

DIS- 

DIS- 

PMUS- 

PhUo- 

ALU* 

I- 

SOLVED 

SOLVED 

SOLVED 

LAU- 

LhXij- 

SuLVtO 

SOLVED 

SAMPLE 

PHORUS 

Pnu^US 

IlMU 

i 

ARSENIC 

OAWIUM 

dUKLM 

IWILIM 

,-i  i  u  -1 

CuPPEK 

HUN 
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Lithologic  Logs  of  Drill  Holes 
[Land-surface  altitudes  are  referenced  to  mean  sea  level  datum. 
Depth  of  drill  hole  and  depth  to  water  are  reported  in  feet  below 
land  surface  Depth  of  drill  hole  is  reported  to  the  nearest  foot 
where  the  samples  were  cuttings  and  to  the  nearest  0.1  foot  where 
the  samples  were  cores.] 


Test  well:   PWW-01 
Location:   02S49E22DCCA-1 
Date  drilled:   10-25-76 


Land-surface  altitude:   3,488  ft 
_   Total  depth:   118  ft 
Depth  to  water:   75  ft 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  circulation;  cased 

with  4-inch  plastic  pipe  perforated  from 
77  to  108  ft;  formation  packer  at  65  ft. 


Depth 

0-5 
5-7 

7-12 
12-20 

20-22 
22-62 

62-74 
74-106 

106-110 
110-118 


Lithologic  description 

Clay,  brown,  weathered,  moist;  tree  trunk  at  3  ft 
Clay,  sandy,  tannish-brown,  moist;  includes  thin  beds 

of  buff  siltstone  stained  by  iron  oxide 
Coal,  soft,  moist 
Claystone,  black  to  dark-brown,  plastic;  grades  to 

slightly  plastic  dark-gray  claystone 
Sandstone,  fine-grained,  gray 
Shale,  sandy,  gray  and  bluish-gray,  slightly  moist; 

interbedded  with  thin  firm  shale 
Shale,  gray,  firm,  slightly  moist 
Coal,  brownish-black;  1  ft  shale  parting  at  89  ft; 

first  20  ft  appeared  unsaturated  from  cuttings 
Shale,  silty,  light-gray 
Shale,  light-gray,  hard,  dry 


Test  well:   PWW-02 
Location:   02S49E24BBCD 
Date  drilled:   10-20-76 


Land-surface  elevation:   3,649  ft 

Total  depth:   125  ft 

Depth  to  water:   114  ft 

Sample  source:   cuttings  and  core 


Water-well  construction  notes:   Hole  drilled  with  air  and  water  circulation; 

not  cased. 


Depth 

0-6 
6-9 
9-12 
12-22 

22-28 


28-49 
49-69 

69-78 

78.0-82.8 
82.8-112.2 


112.2-112.5 
112,5-120.0 

120.0-125.0 


Lithologic  description 

Sand,  fine  to  medium,  buff,  dry 

Coal,  dry 

Shale,  carbonaceous 

Clays tone,  sandy,  medium-gray  to  brownish-gray, 

moist;  some  iron-oxide  stain 
Sandstone,  fine-grained,  tan  to  light-gray,  uncemented, 

slightly  moist;  alternates  with  gray  shale;  some 

iron-oxide  stain 
Sandstone,  shaly,  tan  to  brown,  uncemented,  slightly 

moist;  thin  well-indurated  zone  at  38  ft 
Sandstone,  fine-  to  medium-grained,  tan  to  brown, 

slightly  moist;  interbedded  with  dark-brown  sandy 

shale;  iron-oxide  stain  present  in  shaly  zones 

from  55  to  60  ft 
Shale,  sandy,  tan  to  gray,  friable,  slightly  moist; 

contains  trace  iron-oxide  stain;  grades  to  moist 

firm  dark-gray  shale 
Shale,  light-gray  to  gray,  firm,  plastic;  interbedded 

with  silty  sandstone;  core  loss  expected  in  sandy  zones 
Coal,  black,  dull;  contains  brown  streaks  and  several 

badly  broken  zones  especially  along  bedding  planes; 

some  vertical  fractures;  trace  marcasite  (or  pyrite) 

on  fractures  in  last  foot  of  coal  core;  1-inch  to 

1-ft  core  lengths;  gray  to  carbonaceous  shale  parting 

from  95.9  to  96.1  ft 
Shale,  silty,  light-gray;  some  coal  flecks 
Sandstone,  shaly,  fine-grained,  light-gray,  friable; 

grades  to  silty  sandstone 
Sandstone,  silty,  very  fine  grained,  light-gray, 

friable,  dirty 


Test  well:   PWW-03  Land-surface  elevation:   3,558  ft 

Location:   02S49E28CBDC  Total  depth:   169  ft 

Dates  drilled:   11-3-76  to  11-5-76       Depth  to  water:   146  ft 

— : .  Sample  source:   cuttings  and  core 

Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
129  to  159  ft;  formation  packer  at  120  ft. 

Depth  Lithologic  description 

0-2  Sand,  fine,  buff,  weathered,  dry 

2-3  Clay,  sandy,  tan,  friable;  has  iron-oxide  stains 

3-18  Sandstone,  fine-grained,  buff,  unconsolidated,  fairly 

clean,  slightly  moist;  quartz  predominates;  some  gypsum 
18-32  Shale,  sandy,  gray  and  dark-gray,  firm,  slightly  moist 

32-35  Coal,  brittle,  slightly  vitreous 

35-38  Shale,  light-gray 

38-41  Siltstone,  buff 

41-45  Shale,  bluish-gray,  dry 

45-49  Siltstone,  brown,  dirty 

49-69  Shale,  silty,  dark-brown  to  light-gray,  slightly  moist; 

some  friable  layers 
69-72  Shale,  dark-brown 

72-79  Coal,  dry 

79-84  Shale,  dark-gray,  firm 

84-98  Siltstone,  gray,  very  dirty 

98-102  Shale,  dark-gray,  slightly  moist 

102-109  Sandstone,  very  fine  grained,  gray,  dirty 

109-124  Shale,  dark-gray,  hard 

124.0-124.9         Shale,  silty,  gray  to  dark-gray,  dry,  competent, 

slightly  calcareous;  grades  to  shale 
124.9-125.9         Shale,  dark-gray,  firm;  lower  3  inches  is  carbonaceous; 

2-  to  4-inch  core  lengths 
125.9-159.3         Coal,  black,  fiberous,  broken,  fairly  hard;  some 

vitreous  surfaces  and  clay  flecks;  badly  broken  zones 
at  125.9  to  130.0  ft,  139.8  to  141.6  ft,  and  149.6  to 
151.4  ft;  fractures  are  vertical,  horizontal  and 
10°-20°  from  vertical;  trace  gypsum  and  pyrite  located 
predominantly  on  vertical  fracture  planes,  but  also 
found  on  horizontal  fractures  from  157.5  to  159.0  ft 
159.3-161.3         Shale,  gray  to  light-gray,  competent,  slightly  moist; 

trims  difficult  with  knife;  contains  some  coal 
flecks;  grades  to  silty  shale 
161.3-163.9         Shale,  silty,  gray  to  light-gray,  competent,  dry;  core 

lengths  6  inches  to  1  ft 
163.9-164o9         Shale,  light-gray  to  olive,  competent;  alternates  with 

silty  shale  and  root  structures  filled  with  black 
silt;  contains  trace  disseminated  gypsum;  grades  to 
dirty  siltstone 
164.9-169.4         Siltstone,  gray,  friable,  dirty;  hard  light-gray  thin 

(1-inch)  zones  at  164.9  and  165.4  ft;  contains 
disseminated  gypsum  and  a  few  pyrite  pebbles 


Test  well:   PWW-04 
Location:   02S49E36BCCB 
Date  drilled:   10-25-76 


Land-surface  elevation:   3,598  ft 
Total  depth:   178  ft 
Depth  to  water:   170  ft 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  circulation;  cased  with 

4-inch  plastic  pipe  perforated  from  148  to 
178  ft;  formation  packer  at  133  ft 


Depth 

0-7 

7-9 

9-12 
12-16 
16-19 
19-20 
20-28 
28-31 
31-32 
32-38 

38-59 

59-67 
67-70 
70-74 
74-75 
75-79 
79-110 
110-119 
119-125 

125-129 
129-139 

139-146 
146-149 
149-152 
152-163 
163-178 


Lithologic  description 

Clay,  sandy,  yellow;  iron-oxide  stains 

Clay,  bluish-gray,  firm 

Clay,  yellow  to  buff 

Sand,  shaly,  buff,  dry 

Clay,  buff  to  gray,  dry 

Shale,  bluish-gray 

Coal,  platy 

Shale,  dark-gray,  hard 

Coal 

Shale,  silty,  dark-gray  to  gray,  firm;  contains  some 

moisture 
Shale,  dark-gray  to  gray,  firm;  alternates  with  friable 

gray  sandy  shale  containing  some  moisture 
Sandstone,  gray,  unconsolidated,  slightly  moist 
Shale,  gray;  grades  to  sandy  shale 

Sandstone,  dark-gray,  unconsolidated,  slightly  moist 
Siltstone,  well-indurated 

Shale,  silty  to  sandy,  light-gray,  slightly  friable 
Coal,  brownish-black,  dry;  6-inch  shale  parting  at  92  ft 
Shale,  silty,  light-gray,  hard,  dry 
Shale,  sandy,  light-gray  to  gray;  contains  some 

moisture 
Shale,  silty,  light-olive-gray,  slightly  moist 
Shale,  silty,  gray,  moist;  alternates  with  dry  gray 

shale;  hard  zone  from  136  to  138  ft 
Shale,  gray,  firm,  slightly  moist 
Shale,  silty,  light-gray,  dry 
Shale,  gray 

Shale,  silty,  gray,  slightly  moist 
Sandstone,  very  fine  grained,  gray,  dirty,  moist 


Test  well:   PWW-05 
Location:   03S49E07DBDA 
Date  drilled:   11-5-76 


Land-surface  elevation: 
Total  depth:   138  ft 
Depth  to  water:   93  ft 
Sample  source:   cuttings 


3,418  ft 


Water-well  construction  notes:  Hole  drilled  with  air  circulation;  cased 

with  4-inch  plastic  pipe  perforated  from 
88  to  138  ft;  formation  packers  at  64  and 
80  ft 


Depth 

0-1 
1-8 

8-13 

13-44 
44-46 
46-57 

57-60 
60-66 
66-75 

75-76 
76-132 


132-138 


Lithologic  description 

Clay,  silty,  buff,  slightly  moist 

Clay,  tan,  firm,  calcareous;  orange  iron-oxide  stains, 

grades  to  a  competent  brownish-gray  shale 
Sand,  clayey,  very  fine,  dark-brown;  contains  trace 

gypsum;  grades  to  carbonaceous  shale 
Coal,  slightly  vitreous,  dry;  1-ft  shale  parting  at  28  ft 
Shale,  light-gray,  firm 
Siltstone,  shaly,  light-gray,  friable;  contains  trace 

gypsum,  and  some  interbedded  shale 
Shale,  silty,  light-gray;  grades  to  black  shale 
Shale,  dark-gray,  firm 
Siltstone,  light-gray,  unconsolidated,  slightly  moist; 

thin  hard  layer  at  70  ft 
Shale,  silty,  gray,  friable,  dry 
Sandstone,  very  fine  and  fine-grained,  light-gray, 

poorly  cemented;  contains  thin  layers  of  shale  and 

trace  disseminated  gypsum;  thin  hard  layer  at  78  ft; 

moist  below  92  ft 
Siltstone,  shaly,  gray,  firm;  first  0.5  ft  very  hard 


Test  well:   PWW-06  Land-surface  elevation:   3,551  ft 

Location:   03S49E04AAAA  Total  depth:   159  ft 

Date  drilled:   10-19-76  Depth  to  water:   dry  hole 

Sample  source:   cuttings 

Water-well  construction  notes:  Hole  drilled  with  air  circulation;  not  cased. 

Depth  Lithologic  description 

0-3  Sand,  buff,  cemented,  dry 

3-19  Sandstone,  silty  and  shaly,  buff;  some  moisture  from 

5-10  ft;  grades  to  silty  shale 
19-26  Shale,  silty,  tan,  plastic,  slightly  moist 

26-29  Coal 

29-36  Shale,  carbonaceous,  black;  grades  to  light-gray;  con- 

tains orange  iron-oxide  stain 
36-43  Shale,  sandy,  gray,  slightly  moist 

43-57  Shale,  dark-gray,  slightly  moist;  alternates  with 

light-gray  fine-grained  sandstone 
57-60  Shale,  light-  to  medium-gray,  dry 

60-90  Shale,  silty,  gray,  dry;  unit  is  sandy  from  60  to  66  ft 

90-101  Sandstone,  shaly,  medium-gray,  slightly  moist;  inter- 

bedded  with  dry  gray  shale 
101-107  Shale,  sandy  to  silty,  gray,  slightly  moist 

107-138  Coal,  hard;  1-foot  black  shale  parting  at  120  ft 

138-143  Shale,  sandy,  light-gray,  firm,  friable 

143-150  Sandstone,  shaly,  gray,  friable 

150-159  Shale,  gray  to  light-gray,  dry;  contains  some  sand 


Test  well:   PWW-07 
Location:   03S49E08ADAC 
Date  drilled:   10-13-76 


Land-surface  elevation:   3,510  ft 
Total  depth:   165  ft 
Depth  to  water:   128  ft 
_.   Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  2-inch  plastic  pipe  perforated 
from  150  to  165  ft;  gravel  packed. 


Depth 

0-5 
5-13 

13-19 
19-25 
25-28 
28-29 
29-33 
33-39 
39-45 

45-49 

49-58 

58-62 

62-88 

88-98 

98-102 

102-107 

107-122 

122-152 

152-165 


Lithologic  description 

Clay,  sandy,  tan,  firm 

Sand,  fine,  shaly,  tan  to  brown,  unconsolidated;  con- 
tains iron-oxide  stains  and  salt  veinlets 

Shale,  brownish-gray 

Sandstone,  very  fine  grained,  buff,  unconsolidated 

Shale 

Coal 

Siltstone,  dirty,  tan  to  gray 

Shale,  silty,  tan 

Sandstone,  very  fine  grained,  brown,  unconsolidated; 
alternates  with  gray  shale 

Claystone,  silty,  buff 

Coal,  soft 

Shale,  gray 

Shale,  silty,  light-gray  to  gray;  lower  10  ft  is  friable 

Shale,  gray,  firm 

Shale,  carbonaceous 

Coal,  soft 

Shale,  silty,  gray;  contains  thin  hard  zones  of  siltstone 

Coal;  1-ft  shale  parting  at  135  ft 

Shale,  bluish-gray 


Test  well:   PWW-08 
Location:   03S49E14CDBA 
Date  drilled:   10-22-76 


Land-surface  elevation:   3,520  ft 

Total  depth:   139  ft 

Depth  to  water:  97  ft 

Sample  source:   cuttings  and  core 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
80  to  110  and  130  to  140  ft;  formation  packer 
at  68  ft. 


Depth 

0-6 
6-8 
8-24 


24-28 

28-43 

43-45 
45-48 
48-54 
54-69 

69.0-69.7 
69.7-71.7 
71.7-72.9 
72.9-74.9 

74.9-75.1 
75.1-77.5 

77.5-78.6 
78.6-80.2 
80.2-113.7 


113.7-114.1 
114.1-115.7 
115.7-120.0 

120-139 


Lithologic  description 

Clay,  sandy,  light- tan,  dry 

Shale,  sandy,  brown,  moist 

Siltstone,  tan  to  brown,  friable,  dirty,  slightly  moist; 
contains  some  brown,  plastic,  shaly  zones  and  trace 
iron-oxide  stain 

Shale,  black  to  dark-gray,  plastic,  moist;  contains 
secondary  salts 

Sandstone,  very  fine  grained,  tan;  alternates  with  brown 
sandy  shale  and  shale;  many  iron-oxide  zones 

Shale,  carbonaceous 

Coal 

Shale,  silty  to  sandy,  gray,  plastic,  moist 

Shale,  gray,  competent;  alternates  with  fine-grained 
sandstone  and  sandy  shale 

Shale,  dark-gray,  firm 

Shale,  dark-gray,  firm;  interbedded  with  thin  sandy  shale 

Shale,  sandy,  friable 

Shale,  dark-gray,  competent,  calcareous;  interbedded  with 
silty  shale;  1.6-ft  core  length 

Shale,  gray  to  light-gray,  competent,  calcareous 

Shale,  silty,  dark-gray,  competent;  3-inch,  8-inch,  and 
1.3-ft  core  lengths 

Shale,  dark-gray,  competent;  contains  some  silt 

Shale,  carbonaceous,  competent,  plastic 

Coal,  black,  brownish  streaked,  dull  luster;  weathered 
zones  at  80.8  to  83.0  ft,  83.8  to  85.3  ft,  and  87.7 
to  88.4  ft;  contains  badly  broken  zones — some  result- 
ing from  breakage  in  removing  shale  partings  from 
core  barrel;  dry,  competent  dark-gray  carbonaceous 
shale  partings  at  94.7  to  95.5  ft  and  96.0  to  96.6  ft; 
shaly  coal  at  95.5  to  96.0  ft;  gray  plastic  shale  at 
97.7  to  97.9  ft;  several  horizontal  and  vertical  frac- 
tures; trace  secondary  gypsum  and  pyrite  on  vertical 
fracture  planes  below  98  ft 

Shale;  contains  thin  coal  beds 

Shale,  gray,  competent;  contains  some  coal  flecks 

Sandstone,  shaly,  very  fine  grained,  gray  to  light-gray, 
friable;  unconsolidated  below  117.2  ft 

Sandstone,  shaly,  light-gray;  contains  some  interbedded 
brownish-gray  shale 


Test  well:   PWW-09  Land-surface  elevation:   3,575  ft 

Location:   03S49E16DACA  Total  depth:   179  ft 

Date  drilled:   10-13-76  Depth  to  water:   dry  hole 

Sample  source:   cuttings 

Water-well  construction  notes:  Hole  drilled  with  air  circulation;  not  cased. 

Depth  Lithologic  description 

0-5  Sand,  light-tan,  weathered 

5-10  Sandstone,  fine-grained,  tan,  dirty,  moist 

10-18  Clay,  sandy,  tan,  moist 

18-29  Shale,  gray  to  tan;  contains  iron-oxide  stains 

29-35  Siltstone,  shaly,  gray,  slightly  moist;  grades  to  shale 

35-47  Shale,  dark-gray,  slightly  moist;  dry  from  about  35  to 

40  ft 

47-48  Siltstone,  light-gray,  well-indurated 

48-53  Sandstone,  medium-grained,  gray,  moist 

53-56  Coal,  dry 

56-58  Shale,  carbonaceous 

58-64  Sandstone,  gray,  poorly  cemented,  moist;  interbedded 

with  gray  shale 

64-81  Shale,  gray  and  brown 

81-82  Siltstone,  light-gray,  very  hard,  dry 

82-85  Siltstone,  shaly,  gray;  grades  to  silty  shale 

85-100  Shale,  silty,  gray,  plastic,  slightly  moist 

100-115  Shale,  dark-gray,  firm,  moist;  grades  to  light-gray 

silty  shale 

115-134  Sandstone,  very  fine  to  fine-grained,  gray,  poorly 

cemented,  slightly  moist;  alternates  with  shaly  sandstone 

134-140  Shale,  dark-gray,  firm;  grades  to  carbonaceous  shale 

140-168  Coal,  dry;  contains  brown  zones;  has  1-ft  shale  parting 
j  at  150  ft;  coal  slightly  moist  below  parting 

168-169  Shale,  black,  firm 

169-179  Sandstone,  silty,  very  fine  grained,  light-gray 


Test  well:   PWW-10  Land-surface  elevation:   3,462  ft 

Location:   03S49E20BBAB  Total  depth:   104  ft 

Dates  drilled:   10-14-76  to  10-15-76     Depth  to  water:   93  ft 

Sample  source:   cuttings  and  core 

Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  2-inch  plastic  pipe  perforated  from 
80  to  100  ft;  formation  packer  at  70  ft. 

Depth  Lithologic  description 

0-25  Sand,  fine,  tan,  dry;  contains  trace  iron-oxide  stain 

and  a  thin  fine  to  medium  gravel  at  20  ft 
25-31  Clay,  silty  to  sandy,  tan,  dry;  has  iron-oxide  zones  at 

25  and  30  ft 
31-38  Sandstone,  fine-grained,  tannish-brown,  poorly  cemented, 

moist;  contains  iron-oxide  stains 
38.0-44.4         Clinker  and  sand(?) 
44 „ 4-45. 5         Shale,  dark-brown,  firm;  has  iron-oxide  stains  and  gypsum 

veinlets;  2-  to  4-inch  core  lengths 
45.5-51.7         Shale,  silty,  tannish-brown  to  gray,  firm;  orange  and 

black  iron-oxide  veinlets  on  fracture  planes;  2-  to 

8-inch  core  lengths 
51.7-53.1         Siltstone,  tan  to  orange,  firm,  dirty;  1-  to  4-inch 

core  lengths 
53.1-54.9         Shale,  gray,  firm;  1.4-foot  core  lengths 
54.9-55.6         Coal,  black;  badly  broken  with  no  discernible  fracture 

planes 
55.6-60.4         Shale,  silty,  dark-gray,  competent;  has  orange  iron-oxide 

stains  on  bedding  planes;  grades  to  dark-gray  shale 
60.4-60.5         Coal,  badly  broken;  possible  core  loss 
60.5-61.2         Shale,  dark-gray,  plastic 
61.2-64.6         Shale,  dark-gray,  firm;  fracture  oriented  20°-30°  from 

vertical 
64.6-65.3         Shale,  silty,  gray 
65.3-68.0         Sandstone,  fine-grained,  gray,  poorly  cemented;  possible 

core  loss 
68.0-68.1         Shale,  gray,  dense,  plastic 
68.1-68.2         Coal 

68.2-69.7         Siltstone,  shaly,  gray 
69.7-70.4         Shale,  gray,  firm,  plastic 

70.4-100.6         Coal,  black  to  brownish-black,  fiberous,  broken;  con- 
tains soft  zones;  some  vertical  fracture  planes;  trace 

gypsum  on  fractures  near  96.4  ft;  competent  dark-gray 

shale  parting  at  84.4  to  85.0  ft;  2-  to  7-inch  core 

lengths 
100.6-100.8         Shale,  silty,  gray,  slightly  friable 
100.8-103.8         Siltstone,  light-gray,  dirty,  friable,  poorly  cemented; 

interbedded  with  shale 


Test  well:  PWW-11 
Location:   03S49E28DCAC 
Date  drilled:   10-13-76 


Land-surface  elevation:   3,468  ft 
Total  depth:   119  ft 
Depth  to  water:   dry  hole 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  circulation;  not  cased, 


Depth 

0-4 
4-10 
10-21 
21-27 
27-47 
47-68 
68-74 
74-86 
86-88 
88-104 
104-119 


Lithologic  description 

Clay,  sandy,  tan,  dry 

Clay,  tan,  moist;  contains  some  fine  gravel 
Clay,  sandy,  tan,  firm;  contains  trace  gypsum 
Shale,  brown;  contains  some  sandy  zones 
Coal,  dry 

Siltstone,  light-gray;  alternates  with  gray  shale 
Sandstone,  very  fine  grained,  gray 
Coal,  dry 

Shale,  carbonaceous 
Shale,  silty,  gray,  slightly  moist 

Sandstone,  very  fine  grained,  gray,  dirty,  dry;  con- 
tains trace  gypsum 
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